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SUMMARY
In the Netherlands, agricultural pesticide consumption stands at about 22 million kilo-
grams (active ingredient) per year. A major proportion of this volume enters the atmos-
phere, either directly, during application, or shortly afterwards. The present study
constitutes a preliminary investigation of the potential impact of this dispersal route. The
study focuses on the side-effects of herbicides, fungicides and soil fumigants on fungi and
vascular plants, since these compounds are applied in the greatest quantities and are
consequently expected to have the greatest potential impact. The study aimed to provide
an answer to the following question:
Does atmospheric dispersal of commonly used agricultural
pesticides and subsequent deposition away from the target
area have side-effects on fungi and/or vascular plants? If
so, what is the nature and magnitude of these side-
effects?
The problem was first tackled using currently available data, as reported in the
literature or obtained from ongoing research both in the Netherlands and elsewhere
(Chapter 2), This chapter concludes that pesticides are indeed present in the atmosphere
and in deposition and that low levels of pesticides can have a biological impact. However,
field studies on the side-effects of airborne pesticides focus mainly on side-effects within
target areas and on side-effects on neighbouring crops, with little data on the impact on
the wild flora. With respect to fungi, most studies are concerned with side-effects on the
mycorrhiza fungi growing in symbiosis with the crop in question.
When questioned, a number of specialists stated that they expect volatilized
pesticides to have little observable impact on vascular plants away from target areas. At
the same time, though, these scientists admitted that their assessment had no basis in
scientific research. With regard to fungi, too, they stated that no research is conducted in
this field and were unwilling to rule out the occurrence of side-effects.
The conclusion of this section of the report is that, on the basis of the available
data, it is impossible to make any prediction about the side-effects of airborne pesticides
on fungi and vascular plants in the Netherlands.
In the next phase of the study, therefore, it was investigated whether a prediction
could be made on the basis of calculated or estimated No Observed Effect Levels
(NOELs; Chapter 4), deposition rates (Chapter 5) and these combined results (Chapter 6).
To this end, a selection was first made from among a number of pesticides in
widespread use (Chapter 3). Criteria for selection included the likelihood of the com-
pound becoming airborne and the likelihood of side-effects occurring. Selection yielded
four compounds: atrazine, MCPA, captan and metam sodium. For each of these four
compounds, an as detailed as possible estimate was then made of post-treatment dispersal
due to volatilization, both at short and at long range, and the potential effects.
NOELs
For each of the selected compounds, an assessment was made of whether a NOEL
could be derived from the available (literature) data. It was concluded that there is a
serious lack of field data on the side-effects of low pesticide levels on fungi and vascular
plants. Only for MCPA was any information found on the occurrence of effects of low
concentrations resulting from vapour drift in the field. For the other three compounds,
NOELs were estimated on the basis of laboratory data. Translation of these data to the
field setting inevitably introduces a margin of uncertainty. In laboratory tests, single doses
are employed. In the field, organisms away from plots are generally exposed to lower
levels, but exposure lasts longer. The implications of this fact for the results are unclear.
In addition, there are large variations in the field setting, with organisms found under
widely varying conditions in terms of vulnerability. Moreover, many kinds of stress
factors are at work in the field, such as other compounds, eutrophication, acidification
and desiccation, any of which may reinforce effects.
Nonetheless, it is concluded in this part of the study that, proceeding from
literature data and the results of laboratory testing, NOELs can be estimated for three of
the four compounds under review, viz. atrazine (0.02-0.03 mg/kg soil), MCPA (0.25-33
g/ha) and captan (0.36-22.5 g/ha; for effects on leaf moulds only).
For captan (effects in the soil) and metam sodium it was impossible to derive a
NOEL from the available data. However, for metam sodium a level could be derived at
which effects are likely (8 mg/kg soil), a concentration that can anyway be used as a
benchmark against which to compare calculated exposure levels. Subsequently, it also
proved possible to estimate a NOEL for captan and metam sodium by assuming a
percentage of 0.1 % of the practical dose. These estimated NOELs were 0.046 mg/kg soil
for captan and 0.325 mg/kg soil for MITC, the active conversion product of metam
sodium. Assumption of 0.1 % of the practical dose is supported by the results for atrazine,
where the same ratio was found between NOEL and practical dose.
In addition, a survey was made of the environmental data in the pesticide
registration reports for the four compounds. No data were found for fungi and vascular
plants. For algae, NOELs were found for atrazine (0.015-0.0015 mg/1), MCPA (180
mg/1) and captan (0.5-50 mg/1).
Emission, dispersal and deposition
To calculate emission, dispersal and deposition data, use was made of the dispersal
model developed by RIVM, the National Institute of Public Health and Environmental
Protection, to obtain values for mean annual long-range dispersal. Our own calculated
emission data served as input for the RIVM model. For each of the four compounds
reviewed, typical regions of widespread use were selected and mean annual regional
deposition rates calculated. The following regions were considered: for atrazine, maize
cultivation in the south-east of the Netherlands and deposition in the nature reserve 'De
Groote Peel'; for MCPA, wheat cultivation in Haarlemmermeer Polder and deposition in
the coastal dunes; for captan, the De Betuwe fruit-growing region and deposition in De
Veluwe; and for metam sodium, potato cultivation in the Veenkoloniën and deposition in
the same region.
For calculating peak loads, use was made of a model developed by TNO, the
Netherlands Institute of Applied Scientific Research. The resultant concentrations were
then converted to deposition rates. This model is most suited for calculations close to the
treated plot (up to a distance of 1,000 metres).
The results of these calculations represent no more than a first-pass estimate. They
are based on many assumptions founded not on measurement but solely on physico-
chemical properties. In many cases, moreover, local circumstances may be so different
that actual results may differ by an order of magnitude.
The dispersal calculations indicate that high concentrations and deposition rates can
occur. For metam sodium, particularly, the computer model gives high deposition values,
the result of the high doses involved and the high rate of volatilization. For the other
compounds too, though, total annual deposition far from the target area was found to
amount to several tenths of grams per hectare. Calculations of peak deposition rates at the
plot level indicate that high levels of metam sodium and captan may incidentally occur.
The conclusion of this part of the study is that volatilization may indeed constitute
a significant emission route for pesticides.
Dry deposition far exceeds wet deposition in magnitude. This implies that
measurements of pesticides in precipitation represent only a small fraction of total
deposition. Estimates of the scale of atmospheric deposition based solely on precipitation
measurements thus leave out of consideration the main category of deposition.
Effects
In view of all the uncertainties involved, the outcome of the comparison between
NOELs and deposition data should also be treated with considerable caution and taken as
representing no more than a tentative conclusion about the potential situation.
For all the compounds studied, an estimation of effects indicates that these are
indeed to be anticipated at short distances from the treated plots. With atrazine, in
particular, the NOEL is exceeded close to the plot. At the regional level, atrazine is less
likely to have an impact on the vegetation of the nature reserve De Groote Peel; the
calculated deposition level is below the NOEL. However, because of the uncertainties in
the deposition calculations and the NOELs used, effects cannot be ruled out.
Close to plots, use of MCPA will have little impact. At the regional level, the
situation is comparable with atrazine: an impact on the vegetation of the dunes to the west
of Haarlemmermeer Polder is not likely, the calculated deposition value being below the
NOEL. But here too, because of the uncertainties in the deposition calculations and the
NOELs used, effects cannot be ruled out.
Captan is likely to have an impact on non-target leaf moulds, particularly near
treated plots. Such effects are not anticipated at the regional level, however. Effects on
mycorrhiza fungi are only anticipated close to plots. Any longer-range impact seems
unlikely, for two reasons: deposition is low in comparison with the NOEL, and the
compound has a relatively short half-life.
Metam sodium appears to have a potential impact on the mycorrhiza fungi in the
Veenkoloniën. The high concentrations found are due to the high volatility and the long
half-life of the decomposition product MITC, the active toxic moiety.
In the aquatic environment, effects on algae could not be excluded for atrazin; for
MTTC no data on effects were available.
Conclusions
In the context of pesticide use in the Netherlands and the indications of potential
impact found, the general conclusion can be drawn that side-effects are to be anticipated
on fungi and vascular plants growing away from target areas. These side-effects are
primarily to be expected close to treated plots and will generally be visible in the form of
stunted plant and fungus growth; in some cases, however, there may also be growth
anomalies. Indications of short-range effects are strongest in the case of atrazine and
metam sodium. In view of agricultural acreage in the Netherlands, even short-range
effects may impinge on a relatively large area.
There may also be an impact at greater distances from treated plots, especially in
the case of compounds that are slow to degrade. The compound most likely to have an
impact is metam sodium, in de Veenkoloniën. Side effects of atrazine in de Groote Peel
and of MCPA in the dunes west of the Haarlemmermeer Polder cannot be excluded on
the basis of the results.
Effects of atrazine on algae could not be excluded, at the plot level as well as at a
regional scale.
Recommendations
As a consequence of the methods employed in this study, many areas of uncer-
tainty still remain. At the present moment, though, it was not possible to provide more
accurate answers to the research questions formulated. The recommendations made
therefore relate mainly to clearing up the areas of uncertainty.
It is recommended that research be undertaken to calculate No Observable Effect
Levels, performing laboratory tests to determine values for individual species. In addition,
more natural types of vegetation should be studied in order to assess whether levels
exceeding the NOEL do ultimately have an impact in the field setting.
With respect to dispersal and deposition models, the recommendations mainly
concern model validation. In addition, though, it is also recommended to perform
measurements on dry deposition, as this route appears to be more important than wet
deposition.
Other recommendations relate to more direct validation of the estimated effects,
both close to treated plots and further away. To this end, the contours of a case study are
outlined in Chapter 7.
1. INTRODUCTION
1.1 Motivation
In the Netherlands, agricultural pesticide consumption stands at about 22 million kilo-
grams (active ingredient) per year. A major proportion of this volume enters the atmos-
phere, either directly, during application, or shortly afterwards. Approximately 20%-50%
of the quantity of soil-injected gaseous fumigants applied, for example, is eventually lost
to the atmosphere through volatilization (TMP-M, 1987-1991; MJPG, 1991). Based on
modelling studies, these fumigant emissions have been estimated to total six million
kilograms per year (Van Haasteren et al., 1987). With other groups of pesticides, too, a
major proportion of the volume applied becomes airborne as a result of drift or
volatilization from crops. These losses are estimated at approximately three million kg per
year. Overall, this means that some nine million kilograms of pesticides - representing
approx. 2Q%-40% of annual consumption - are lost to the air each year (MJPG, 1991,
Van Haasteren et al., 1987). Proceeding from these estimates, the occurrence of side-
effects is certainly feasible. Herbicides and fungicides could be suspected of playing a
part in the decline of forest vitality, the latter group of compounds impacting on mycor-
rhiza fungi. Nevertheless, the ecological side-effects of airborne pesticides deposited away
from agricultural plots have never been explicitly studied (cf. MJPG, 1991). The present
study represents a pilot study of the possible effects of this emission source.
1.2 Background
In 1990, the Dutch Ministry of Public Housing, Physical Planning and Environmental
Protection (VROM) commissioned the Centre of Environmental Science, Leiden Univer-
sity {CML) to undertake a study on the effects of airborne pesticides. This study is a
follow-up to previous research on the side-effects of pesticides commissioned to CML by
VROM (the 'NB Project').
Research into the side-effects of pesticides in widespread agricultural use was
started in 1986. Phase 1 of this project focused on side-effects on terrestrial vertebrates
(De Snoo & Canters, 1988). The follow-up study, Phase 2, focused on terrestrial
invertebrates and aquatic fauna (Canters et al., 1989). Phase 3, completed at the begin-
ning of 1990, investigated the scope for employing field trials in pesticide approval
procedures, and presented a series of guideline proposals for such trials (De Jong et al.,
1990).
Analysis has meanwhile shown that pesticides are present in detectable quantities
in rainwater: compounds found include lindane, bentazone, atrazine and simazine (cf.
CCRX, 1988; Van Zoonen et al., 1989; pers. comm. Snoek, Amsterdam Municipal
Water Authorities). In the United States, Germany and Switzerland, too, pesticides have
been found in rainwater and mist (Glotfelty et al., 1987; Leuenberger et al., 1988).
Pesticides may become airborne by various mechanisms: as spray drift, as vapour
drift or bound to paniculate matter. Spray drift occurs during the application process and
involves dispersal of water-dissolved pesticides; this phenomenon is subsequently referred
to simply as 'drift'. Vapour forms mainly after spraying, as the compound evaporates off
the crop. This process is referred to as 'volatilization'. Dispersal on paniculate matter
occurs mainly as a result of wind erosion.
In quantitative terms, volatilization constitutes the major atmospheric emission
route (> 80% of the emission, MJPG, 1991), leading to transportation of a large
proportion of the volatilized active ingredient over large distances from the sprayed plot
(Huygen et al., Î986). The present study consequently focuses primarily on pesticides
entering the atmosphere by way of volatilization.
Several models have been developed in the Netherlands for describing the
dispersal of airborne pesticides (e.g. by MT-TNO, LUW and IVEM-RUG). Studies in the
Veenkoloniën, in the north-east of the country (Buurveld et al., 1988; Ree & Rorda,
1988), have shown that substantially elevated atmospheric concentrations of soil fumigants
may occur up to several kilometres from treated plots for several days after application.
Calculations indicate that the risk of human exposure via the atmosphere exceeds that via
drinking water.
According to a pilot study by the Environment Ministry, little is known about the
effects of airborne pesticide deposition on non-target organisms (Van Zalinge, 1989). It is
certainly feasible, however, that such deposition does indeed have an impact; vegetation
could well be affected by herbicides, for instance, and fungi by fungicides. Neither is
there any a priori reason why soil fumigants, with their frequently wide spectrum of
action, should not have significant side-effects. Over the last few decades, both vascular
plants and fungi have declined dramatically (cf. Arnolds, 1989; Nijkamp & Brunt, 1989)
and pesticides cannot be excluded as a contributing factor. This uncertainty was con-
firmed at a symposium held in October 1990 in the context of the PEIS (Ecological
Compatibility of Chemical Substances) project. Speaking in general terms, the assembled
experts judged the relative contribution of pesticides to the overall decline in flora and
fauna to be only minor. However, at the same time it was reported that this conclusion is
not based on empirical study (Van Linden, 1990).
Pesticides may have an impact within agro-ecosystems as well as outside (e.g. in
neighbouring nature areas). The latter impact is particularly important for policy-makers,
in terms of achieving the so-called High Environmental Quality (BMK) target in such
areas. In virtually all cases, these areas will suffer chronic exposure to relatively low
concentrations. The present study focuses on pesticides used in large quantities, viz. soil
fumigants, fungicides and herbicides.
According to Van Zalinge (1989), the first step towards determining the side-
effects of airborne pesticides on non-target organisms should consist of studying atmos-
pheric pesticide dispersal per se. Subsequently, a literature study should be undertaken to
inventory other available data and expert calculations and knowledge, in order to draw
conclusions on possible side-effects. On the basis of these results, recommendations can
then be made on the need for and design of field tests.
1.3 Objective and problem formulation
The objective of this study is to determine the possible side-effects of airborne pesticides
on flmgi and vascular plants in the Netherlands, with the main emphasis on effects
occurring outside the pesticide target areas.
To achieve this objective, for a number of commonly used pesticides an attempt
has been made to establish no-observed-effect levels (NOELs) with respect to fungi and
vascular plants. By combining these with estimated and, where possible, measured levels,
effects can then be predicted. We have opted to take the NOEL as a criterion because our
prime aim is to demonstrate observable effects away from agricultural plots. The
subsequent step is to analyse the significance of any such effects.
Based on these considerations, the next problem can be formulated as follows:
Does atmospheric dispersal of commonly used agricultural
pesticides and subsequent deposition away from the target
area have side-effects on fungi and/or vascular plants? If
so, what is the nature and magnitude of these side-
effects?
For practical reasons, this problem has been subdivided into two sub-problems,
1. On the basis of the available data, is it possible to predict the occurrence of side-
effects of airborne pesticides on fungi and/or vascular plants? If so, where are
such effects to be expected, and what is their nature and magnitude?
2. If not, can the occurrence of such side-effects then be predicted by combining
calculated deposition rates with calculated or estimated NOELs?
The second of these sub-problems has been further subdivided, as follows:
2a On the basis of their physical and chemical properties and other indications, which
of the most commonly used pesticides in the Netherlands are most likely to
undergo greatest atmospheric dispersal?
2b Using available data, can NOELs for the pesticides selected under the terms of 2a
be recovered or deduced?
2c Using available data, can the atmospheric dispersal of the pesticides selected under
the terms of 2a be determined, and can these data be used to calculate atmospheric
concentrations and deposition rates? If so, what are the concentrations and
deposition rates of the most commonly used pesticides?
2d Finally, can the data obtained under the terms of 2b and 2c be used to estimate
where airborne pesticides are expected to have side-effects, and the nature and
magnitude of such effects?
1.4 Method
Using the computerized literature database BIOSIS, a literature search has been carried
out to inventory the available data on the NOELs of herbicides and fungicides. The key
words used in the search were: herbicides - in combination with plants - and fungicides -
in combination with fungi. Initially, the key word NOEL (and other commonly used
abbreviations) was also included. The latter combination yielded four references (which
did not relate to NOELs for plants or fungi, but for consumers thereof). The scope of the
search was subsequently extended to include publications dealing with the target area. The
cale of the effects (small scale to national scale) was not used as a criterion for ten
selection. Data were also obtained during a visit to the 4th International Mycologists
Congress at Regensburg in 1990 and from written correspondence with scientists abroad.
In addition, use has also been made of the literature already collected within the
framework of earlier projects, as well as reports published by several Dutch research
institutes. Finally, we have liaised with a number of Dutch research scientists working in
this field (see Chapter 2).
Based on information on actual usage of the pesticides most commonly used in the
Netherlands - differentiated by region, where possible - existing models have been used to
make quantitative predictions of atmospheric dispersal, concentration and deposition of
these compounds. The calculations have been performed for illustrative local and regional
situations considered representative for agricultural pesticide use in the Netherlands.
Proceeding from the information thus obtained, for these illustrative situations an
estimate has been made of any damage that might be incurred in non-target organisms, in
particular fungi and vascular plants. Two scale-levels have been recognized: plot level
and regional level; in Chapter 7 an extrapolation to the national level has been made.
By combining the obtained data, it should be possible to arrive at an assessment of
the accuracy of these results and - if these results are indeed reasonably reliable - it
should then be possible to draw initial conclusions as to the possible side-effects (damage)
on vascular plants and fungi.
1.5 Report structure
Chapter 2 provides a review of current and prior research concerning the side-effects of
pesticides on fungi and vascular plants. This review focuses mainly on studies relevant for
assessing the potential effects away from the target area (sub-problem 1). In Chapter 3, a
selection is made from among the pesticides approved for use in the Netherlands (sub-
problem 2a). This selection focuses on compounds suspected of undergoing atmospheric
dispersal and causing subsequent (side-)effects. For these selected compounds, a more
extensive literature search was performed, leading to further selection.
In Chapter 4, we consider the anticipated side-effects in more detail and calculate
the 'no-observed-effect levels' of the selected compounds (sub-problem 2b). In Chapter 5,
we compute the dispersal and deposition velocities of the selected compounds (sub-
problem 2c). Based on the outcome of these calculations, in Chapter 6 we estimate the
potential effects and provide an indication of anticipated effects at the national level (sub-
problem 2d).
In Chapter 7, finally, we report on the conclusions of the study and present some
recommendations. In this chapter, results are also extrapolated to the national scale in the
Netherlands.
2. REVIEW OF EFFECTS AND CONCENTRATIONS REPORTED IN
PREVIOUS STUDIES
This chapter provides an overview of existing studies on the (side-)effects of pesticides on
fungi and vascular plants. For effects on fauna, we refer the reader to prior research
carried out within the framework of the NB programme at the Leiden Centre of Environ-
mental Science {De Snoo and Canters, 1988; Canters et al., 1989). Most studies on
dispersal are motivated by the fact that any quantity of pesticide carried away from the
target plot is considered a loss. Another reason why such dispersal is deemed undesirable
is that it may cause damage to neighbouring plots.
At the end of this chapter we report on whether the data reported in these studies
are suitable for predicting whether airborne pesticides are likely to have side-effects.
The chapter starts with a review of Dutch research in the field (Section 2.1).
Foreign studies are then reviewed, with the main accent on field studies (Section 2.2).
Next, studies dealing specifically with the atmospheric dispersal of pesticides are
reviewed (Section 2.3). In Section 2.4, finally, the conclusions of the chapter are
presented.
2.1 Research in the Netherlands
2.1.1 Vascular plants
The unintentional side-effects of pesticides on vascular plants have been studied at a
number of institutes in the Netherlands; in many cases, research is still continuing.
Information on these studies obtained during talks with institute staff is summarized
below; in each case, the name of the staff member interviewed is given in parentheses.
CABO: Centre for Agro-biological Research (M. Hoogerkamp)
One of this institute's main research interests is the reduction of herbicide use. In
this field, several areas of study can be distinguished: i) research into alternatives, ii)
research into variation in weed species sensitivity, and iii) research into variation in
deleterious impact. A likely focus of future research is the impact of low herbicide doses.
The institute is also studying which weed species require control and which species
do not, and are investigating the potential for shifting the ecological balance to favour
crop species or innocuous weeds, for example by weakening weeds. Another area of
study focuses on the use of promotor chemicals for improving herbicide uptake. The
institute is also involved in process-oriented research, for example studying whether
compounds can volatilize from a plant following uptake by the plant.
Following the discovery of atrazine and bentazone in rainwater, the institute
initiated a study into the effects of these pesticide concentrations on black nightshade
Solarium nigrum. The results of this study are not yet available.
PD: Plant Protection Service (H.J.M. Straathof)
As part of the registration procedure, PD examines the efficacy of pesticides on
the basis of test reports submitted by the producer. Some tests must be carried out under
the supervision of PD; other tests can be carried out abroad. The research of PD is aimed
at establishing sufficiently effective doses, not at establishing no effect levels.
Over the past five years, PD has also studied herbicide volatilization and the
impact thereof on plants, a process that must be assessed during approval procedures. To
determine this impact, a simple laboratory test has been developed: a number of plants,
sprayed with average doses are placed, together with one unsprayed plant, in 30x30x50
cm covered aquariums. Any effects on the unsprayed plant are then recorded. Garden
cress has been identified as a good test species in the aquarium setting: root length is a
good parameter for measuring the influence of various pesticides (Straathof, 1986). There
are plans for follow-up field studies, in which plants will be transferred to a sprayed crop
and observed for impact. It is probably advisable to investigate several stages of the
growth cycle {seedlings as well as later stages, to assess any effects on reproduction).
Field vegetation studies do not appear feasible, as shifts in species composition may be
due to too many factors.
There is no indication that 'wild flowers' are more sensitive to herbicides than
field weeds. Aerial dispersal is not generally anticipated to have any significant impact. A
pesticide such as dichlobenyl, which is highly volatile and poorly degradable, might show
side-effects, however. Some impact is also anticipated from pesticides with auxin-luce
effects (growth substances), such as are used in large quantities in cereal and grass
production. Suitable indicator species for field trials are tomato Solatium tycopersicum,
cucumber Cucumis sativus, tobacco Nlcotiana alata and broad bean Vicia faba.
RIVM: National Institute of Public Health and Environmental Protection (E.M. Hulzebos)
At RIVM, the impact of a number of insecticides on lettuce Lactuca saliva has
been studied (Hulzebos et al., 1989 and Hulzebos, 1990). The EC5C was determined in the
laboratory, the compound being added to the nutrient solution as well as to the soil. Here,
too, root length was found to be a sensitive parameter.
IPO: Phytopathological Research Institute (L. van der Eerden)
Although IPO does not undertake any research on the effects of pesticides on
vascular plants, the institute does have years of experience researching the influence of
biotic and abiotic stress factors on cultivated crops. Today, there is greater focus on more
natural types of vegetation, tracing species that are sensitive to the side-effects of
anthropogenic processes and identifying symptoms suitable for study. This programme
focuses mainly on the physiological and ecological mechanisms involved. One example is
the institute's study on the impact of acid deposition, in which the physiology of individ-
ual plants as well as overall composition are monitored.
IPO is presently developing a non-destructive test method for determining effects
on photosynthesis, by measuring chlorophyll fluorescence. This is a fast and reliable
method for establishing whether exposed plants are affected, but in the Netherlands it has
been developed for the laboratory setting only. In Sweden, experiments are being carried
out with field test rigs. The institute is also studying other effects, such as necrosis,
damaged leaf tips and impact on growth (length, thickness, dry weight).
Various field studies have been carried out in the past or are currently in progress:
A monitoring system has been operated using biological indicators: pedunculate
oak Quercus robur, Douglas fir Pseudotsuga menuesii, Scots pine Pinus sylves-
tris, cross-leaved heath Erica tetralix and heath dog violet Viola canina. Competi-
tion experiments have also been conducted (between heather and grasses).
Experiments are being carried out using transparent, open-top chambers, with
provisions for circulating air to which compounds can be added and from which
samples can be extracted.
The institute operates a field gassing system: from a perforated annular aluminium
pipe with a diameter of 30 metres, gas can be dispersed to achieve a constant
concentration in the inner 10 metres. Until now, this system has been used with
plants in boxes and for gassing with SO2.
An experiment is in progress on Assel Heath using a greenhouse-type canopy to
manipulate precipitation.
IPO reports that the following plant species show indications of sensitivity and
may therefore be useful for field trials:
Following aerial spraying in the Flevopolder, effects on willows Salix spp. have
been registered up to 50 km away.
Effects on lettuce Lactuca saliva and spinach Spinacia oleracea have been traced
to potato defoliation in an adjacent field.
Annual Nettle Unica urens and Annual Meadow-grass Poa annua are sensitive to
general air pollution.
Tobacco cultivar Bell W3 is extremely sensitive to general air pollution. Other
sensitive species mentioned by IPO: white clover Trifolium repens, strawberry
clover Trifolium fragifenan, crimson clover Trifolium incarnation, greater plantain
Plantago major and bean Phaseolus vulgaris. Target weeds were also recom-
mended as suitable species for field testing.
The impression at IPO is that pesticides cannot have any major impact on plants
outside target areas and that any effects will be indirect. However, this impression is not
based on empirical studies.
2.1.2 Fungi
Research carried out in the Netherlands (Arnolds, 1985, 1989; Jansen, 1989) indicates
that certain fungi have decreased dramatically in abundance. Although a link with
pesticide use has been suggested, this has never been investigated.
Wij ster Biological Centre (E.J.M. Arnolds; Th.W. Kuyper)
Arnolds (1989; cf. Arnolds et-al., 1990) reports that almost one third (= 950
species) of endemic fungi are on the 'Red List', i.e. categorized as under potential or
actual threat, or extinct. Fungi may be categorized as parasitic, saprophytic or symbiotic.
The symbiotic, mycorrhiza-forming fungi can in turn be divided into two groups: i)
ectomycorrhiza fungi, which form a fruiting body, live in symbiosis with Oak, Beech,
Birch, Pine, Larch and Douglas Fir, and ii) endomycorrhiza fungi (vesicular-arbuscular
mycorrhiza (VAM) fungi), with no fruiting body, and found with Jumper, Sycamore,
Elm, Ash and Rowan. The Dutch Mycological Association has a working group that has
been mapping fungi distribution since 1980. Studies carried out by the group indicate that
mycorrhiza-forming fiingi have suffered the greatest decline compared to parasitic and
saprophytic fungi: by appro*. 95% (number of observations) since 1960. In Germany,
Austria and Czechoslovakia, too, there has been a dramatic decline in mycorrhiza fungi.
A positive correlation has been demonstrated between the abundance of mycorrhiza fungi
and tree vitality in pine forests. The decline is most marked in oak and pine forests on
windblown sand. Some species have survived in roadsides with old trees on very poor
soils. The decline is attributed to the effects of air pollution, directly - via ambient SO,
concentrations or nitrogen loading - or indirectly - via partner vitality and/or litter-layer
depth (the deeper the layer, the less mycorrhiza}.
In a general sense, decline is attributed mainly to habitat loss and acidification.
Research on the influence of pesticides is restricted mainly to ectomycorrhiza fungi
(ecm's) grown in pure culture. The conclusions are by no means unequivocal; there is
considerable variation among the different compounds and species. Copper-based
fungicides inhibit the growth of ecm's in pure culture, but not in soil culture. Old country
lanes in farming areas often have a far richer macrofungi flora than patches of isolated
woodland.
Saprophytic fungi are generally under less threat than mycorrhiza fungi, although
species of nutrient-poor soils are threatened by eutrophication. Arboreal fungi and
parasites of weakened trees, on the other hand, are increasing in abundance, due to the
aging of Dutch forests.
Arnolds et al. (1990) describe the effects of xenobiotic compounds on lichens and
fungi. A major decline in lichen abundance has been observed, attributable to acidification
(particularly SO2 emissions). Since 1980, there has been some recovery. The influence of
nitrogen (ammonia) is of major significance. Although fungicides are suspected to play a
role, this has not been studied. In orchards with an intensive pesticide regime, lichens
may still be abundant. Although this is based partly on observations on fruit trees on
farms in Zuid-Holland province, where pesticide use is probably of minor influence only
(pers. comm. Van Dobben), lichens are also found in large-scale, commercial orchards.
IBN: Institute for Forestry and Nature Research (formerely RINl (H.F. van Dobben)
The Chanterelle (Janssen and Van Dobben, 1987) has suffered severe decline,
especially in the south of the country, and subsequently in the north-east, too. The species
is surviving in the coastal dunes. These changes may be partly due to natural succession
and partly due to air pollution.
Willie Commelin Scholten Institute (N.J. Fokkema)
Fokkema (now at IPO) has investigated the influence of fungicides on leaf yeasts,
focusing mainly on the effects of fungicides on antagonists (particularly food competitors)
of the target moulds (Fokkema and De Nooij, 1981). This study indicates major variation
in sensitivity among individual mould species and in the effects of individual compounds.
Captafol, captan and the dithiocarbamates were found to have the greatest impact on leaf
moulds (Fokkema, 1988). A study by Dik (1990) has demonstrated that aphid honeydew
is also of influence, inhibiting photosynthesis but at the same time providing leaf moulds
with a source of nutrition. The use of selective fungicides has two positive effects on
yields: i) non-target moulds keep the quantity of honeydew low, which in turn ii) reduces
nutrition availability for pathogens. No studies have been performed at levels below
practical doses.
LUW: Wageningen Agricultural University (G.I. Bollen)
Bollen, studying soil fungi, reports that at LUW, too, there are no studies focusing
on the effects of low concentrations and/or chronic exposure. In a review article (Bollen,
Î979) he reports extremely rapid recovery of soil microflora via i) more tolerant species
replacing more sensitive species, ii) rapid recolonization, and iii) formation of resistant
strains. This study also confirms the (agricultural) importance of antagonists for
pathogenic fungi.
2.1.3 Other species groups
Arnolds et al. (1990) report that mosses have suffered serious decline, due to habitat loss
and air pollution in the form of eutrophication and acidification. There are scarcely any
pesticides targeted specifically at mosses. Although common mosses may grow profusely
where vascular plants have been controlled with broad-spectrum herbicides, little is
known about the nature of the effects.
De Snoo and Canters (1988) and Canters et al. (1989) have reviewed the side-
effects of pesticides on terrestrial and aquatic fauna. Their studies demonstrate that there
is sufficient evidence for the occurrence of side-effects in the aquatic environment, even
at low concentrations. The major sources in this case, however, are leaching and run-off,
in addition to spillage. In the Netherlands, there is no evidence of side-effects occurring
in the aquatic environment as a result of volatilization; however, this has never been
explicitly studied.
In the terrestrial environment, too, low concentrations of insecticides are likely to
have an impact on fauna; this is already indicated by the LC,,, of some of the compounds
in use. Here too, however, no specific studies have been found on the effects of pesti-
cides dispersed via volatilization.
2.2 Research in other countries
Van Zalinge (1989) concludes that, internationally, there is little field data on the effects
of airborne pesticides. Even with respect to atmospheric dispersal as such, practical data
is sparse. Studies have been published on dispersal mechanisms from application onwards,
and dispersal pathways have been reconstructed. Below, we review studies concerning
effects, based on the work of Van Zalinge and supplemented with new material.
2.2.1 Vascular plants
There is a wealth of studies on the (side-)effects of herbicides, a consequence of their
mode of action: they must be effective in controlling weeds without causing damage to
the crop. This type of study is carried out using the recommended dose. The impact of
low doses is not tested, however. During development of a compound, first the effective
dose is established; then the effect of this dose on the crop is determined (cf. Youngman
and Elstner, 1988). From this perspective, the impact of lower doses on the target plant is
irrelevant. Low-dose studies are performed only to investigate the impact on the next
season's crops. However, the difficulty here is that no measurement is made of pesticide
residues, precluding the possibility of establishing a dose-effect relationship.
Within the terms of the present study, the most relevant research work has been
carried out in England. Elliot and Wilson (1983) have published a review of the effects of
herbicide drift. This study reports on several cases in which crop damage is attributable to
vapour drift. Effects further away from the treated plot were found mostly with growth
regulators such as 2,4-D, MCPA and mecoprop. Application at a level of several g/ha is
already sufficient for visible impact.
Marrs et al. (1989) have studied the effects of five commonly used herbicides -
three of which, glyphosate, MCPA and mecoprop, are also approved for use in the
Netherlands - on 15 plant species considered important from a nature conservation point
of view (incl. black knapweed Centauren nigra, yellow archangel Lamiastrum galeob-
dolon, primrose Primula vulgaris and betony Stachys officinalis). Specimens of these
species were placed at various distances from the target plot and the impact of spraying
assessed, focusing on the effects of spray drift. Lethal effects were found up to 6 metres
away from the target plot. The greatest distance at which effects were still detectable was
20 metres (in self-heal Prunella vulgaris). Effects on flowering and seed production were
found up to 10 metres away from the plot. In a follow-up study (Marrs et al., 1991a), the
impact at shorter distances (up to 4 metres) was investigated. Although visible effects
were observed in this study, at the end of the growing season even plants that had been
directly sprayed showed no stunting of growth. In another study (Marrs et al, 199 lb),
however, as a result of drift three species (ragged robbin Lychnis flos-cueuli, primrose
Primula verts and butter cup Ranunculis acris) showed a reduction in flowering perform-
ance; in microcosm experiments the balance between species was affected.
In England, again, the impact of dichlorprop and mecoprop vapour drift on potted
plants has been investigated (Eagle, 1982). Spray drift was excluded by placing the plants
in the plot after spraying was completed. Of the test plants used, oilseed rape Brassica
napus and tomato Solarium tycopersicum, the former was found to be more sensitive. For
rape, a 'damage index' was therefore developed, on a scale of eight, from 'no damage' to
'plant death'. Effects were observed up to 100 metres away from the sprayed plot in
plants placed in the field between 8 and 30 hours post-treatment. Relatively brief
exposure to vapour drift was already sufficient to cause damage.
Breeze (1988c), who has carried out many studies on the effects of drift on
vascular plants (agricultural crops), including modelling studies and dose-effect relation-
ships, reports that scarcely any research has focused on sublethal effects in the field. At
the moment, there is still insufficient know-how to develop standard field testing methods.
However, Breeze (op. cit.) certainly anticipates an impact and considers development of
field procedures extremely important.
A study on the effects of low concentrations of mecoprop on oilseed rape (Breeze
and Timms, 1984) indicates that spray drift can be expected to have a deleterious impact
up to 10 metres away from the treated plot. Breeze and West (1987a) exposed six crops
(tomato, lettuce, clover, cabbage, sunflower and beans) to low concentrations (3-50 ng/l,
for 3.5 hours) of airborne 2,4-D. There were major differences in the way the different
species reacted: with sunflower, a 50% reduction in dry weight was found after exposure
to as little as 3 ng/1, with clover only above 50 ng/1. The respective sensitivities do not
correspond with those measured with liquid doses. Beans, especially, are found to be far
more sensitive. Another study (Breeze and West, 1987b) showed that tomato plants are
already affected after less than 2.5 hours' exposure to low concentrations (<5 ng/1) of
10
L
2,4-D. Further study (Breeze, 1988a) demonstrated an impact on tomato plants at
concentrations as low as 0.12-2.4 ng/1. In a similar experiment with fluroxypyr, concen-
trations of 0.37 pg/1 (48 hours) were found to have a significant impact on tomato plants
(Breeze, 1989b).
Reischl et al. (1989) report that organic constituents of air pollution can accumu-
late in the needles of coniferous trees. Although the authors did not establish a direct
correlation with tree damage, the concentrations found led them to suspect that organic
compounds (including pesticides) may be a contributing factor in forest decline.
Nyffeler et al. (1982) report on a collaborative interlaboratory study on the
reproducibility of bioassay techniques. They were concerned with EC« values (jig
herbicide/g soil). Experiments were conducted with atrazine, metribuzine, triallate and
trifluralin. For each herbicide, the 'direct seeding method' was employed. For atrazine
and metribuzine, a transplantation method was also employed, and for triallate and
trifluralin a root length method. The impact on fresh and dry weight and on root length
was evaluated. In general, they found that the dose-effect relationship was steeper for
photosynthesis inhibitors than for germination inhibitors.
2.2.2 Fungi
The effects of air pollution on mycorrhiza fungi have been researched in some depth.
Although these studies have generally been concerned with the effects of acid deposition
(cf. Jansen and Dighton, 1990), some have also investigated the impact of pesticides,
usually focusing on side-effects on the symbiotic mycorrhiza fungi of the sprayed crop.
At the 4th International Mycologists Congress, at Regensburg (cf. Reisinger and Bre-
sinky, 1990), this general impression was confirmed. However, several specialists
consulted at this congress (including Webster and Read, UK, and Smolka, Germany)
stated that pesticides cannot be excluded as a contributing factor in the general decline of
fungi observed today.
There follows a review of the collected literature. In describing studies concerning
the effects of specific pesticides, only those compounds approved for use in the Nether-
lands are discussed. A vast amount of literature has been found on the effects of recom-
mended doses on mycorrhiza fungi. It is beyond the scope of the present study to report
in detail on this literature, and for this category of research we therefore restrict ourselves
to providing a summary based on a few review articles. Subsequently, we report on
several articles of more direct significance to the present study.
Trappe et al. (1984) have published a review article on the impact of pesticides on
mycorrhiza fungi. Their major conclusion is that existing studies are often poorly
comparable and ambiguous in their conclusions. At low concentrations, soil fumigants
appear to have little impact, while at higher concentrations some decline is generally
found. Host plant growth is often found to be stimulated. With dichloropropene, ecto-
mycorrhiza growth is stimulated. This is attributed to the death of nematodes and other
mycorrhiza predators. At a dose of 24-675 kg/ha, positive, negative and zero effects were
recorded.
In the case of fungicides, the authors report that major differences may occur
between growth experiments performed in culture and in the field. They also report great
variation in sensitivity between endo- and ectomycorrhizae: thiazols, for instance, are
very effective on endo-, but not on ectomycorrhizae. The dicarboximes are also reported
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to have a direct toxic impact. Dithiocarbamates appear to inhibit mycorrhiza formation,
particularly at high concentrations, although the literature gives very disparate results on
this point. The action of fungicides does not seem to stem from exposure via plant
uptake, but is more probably due to direct soil exposure. This may be the underlying
reason for the impact of metal-containing fungicides, the metals possibly accumulating in
the soil.
These authors also report that the action of herbicides on mycorrhiza fungi is
partly indirect, the compounds influencing the growth of the host plant. Studies indicate
that mycorrhiza fungi are less sensitive in culture than in the field (with plants). A
number of herbicides stimulate growth at low concentrations. No explanation is given for
the reported differences in impact, both from compound to compound and from species to
species. One hypothesis is that photosynthesis inhibitors influence starch production in the
plant, thus affecting a source of nutrition for the mycorrhiza fungi.
Menge (1982) describes the phenomenon of crops showing stunted growth after
application of soil fumigants and fungicides, due to impact on the mycorrhiza fungi of the
crop. Fungicidal soil fumigants, including metam sodium, lead to a reduction in mycor-
rhiza infection. Methyl bromide is particularly toxic to mycorrhiza fungi. Sprayed
fungicides generally have far less impact than fumigants.
Unestam et al. (1989) report that effects found in the laboratory with ectomycor-
rhiza fungi cannot be translated to the field situation, one reason being that in the
laboratory the root itself is affected by the fungicide being tested.
Apart from the mycorrhiza fungi, effects have been found on the following types of
fungi.
Smolka (BBA-Braunschweig; pers. comm.) has demonstrated a major impact of
mancozeb and dichlofluanid on yeasts (mould pathogens on greenhouse tomatoes). The
side-effects found were high yeast mortality - up to 40 days post-treatment - and no
recolonization (probably due to the presence of residues).
Pandey and Kumar (1988) report on the impact of fungicides on non-target leaf-
moulds, effects being observed at the recommended-dose level. Ziram, in particular, has a
lasting impact.
2.3 Review of atmospheric dispersal studies
2.3.1 Netherlands
Delfland Polder Board
As part of the PIMM Integrated Environmental Monitoring programme established
by Zuid-Holland provincial authorities, the board has monitored pesticide levels in
rainwater in the Westland horticultural district. On the basis of this study, the Ministry of
Agriculture concludes that 56 tonnes of pesticides are deposited annually with precipita-
tion (Logemann, 1991),
RIVM: National Institute of Public Health and Environmental Protection (P. Lagas, H.
Snelting)
RIVM operates several national monitoring networks: for soil quality, air quality
and groundwater quality. Since 1988, precipitation quality has been integrated into the air
quality network. The institute aims eventually to combine all these networks in a single
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national environmental quality monitoring network. The soil quality network is still in the
pilot stage, with 40 locations on agricultural and woodland soils. The compounds
monitored include pesticides (organophosphates, organochlorines and triazines). Pesticides
do not feature in the air quality network, though they are monitored in the groundwater
network. Provincial authorities also measure groundwater pesticide levels at various
depths, focusing mainly on deeper aquifers.
Besides these networks, RIVM also runs several projects concerned specifically
with pesticides. One such project focuses on pesticides in aquifers below agricultural plots
on vulnerable soils (Lagas et al., 1990). It involves 35 locations with a known history
extending over at least the past 10 years. The results of this study are to be evaluated
before a decision on a follow-up is taken.
Following precipitation measurements by water authorities, in 1988 RIVM
undertook a pilot study at six locations, measuring average pesticide levels in rainwater
(Van Zoonen et al., 1989). In the spring, atrazine, simazine and bentazon were found in
rainwater. However, this study was concerned mainly with developing effective detection
methods rather than with pesticide monitoring as such.
KNMI: Royal Netherlands Meteorological Institute (A.J. Franzen)
As standard practice, KNMI only monitors levels of organochlorine pesticides in
rainwater (CCRX, 1989; pers. comm. Franzen, KNMI). In 1987 a peak in lindane
deposition (200 ^g/m2) was registered at the De Bilt monitoring site. In 1986 elevated
levels of lindane were registered at all monitoring sites; in Vlissingen an extremely high
concentration was recorded in May. Otherwise, though, recorded values are very low and
there is no clear pattern of spatial distribution in the Netherlands.
SC: Staring Centre (M. Leistra)
At SC, atmospheric emission and dispersal of dichloropropene and metam sodium
have been studied (pers. comm. Leistra). Concentrations during and after fumigation were
calculated and measured on and adjacent to the treated fields. In addition, '6-hour-
concentrations' were determined to assess the influence of other fields in the vicinity. The
main problem in these calculations was quantification of source magnitude.
Over the next four years, SC is to carry out a study on pesticide emission,
dispersal and deposition. The main object of the programme is to collect supportive data
for (possibly revised) standards on the minimum distance between treated plots and
residential and other built-up areas. The aim is to develop an extended model that has also
been validated in the field. On other aspects, including effects on organisms, SC is to
collaborate with RIN.
IVEM-RUG: Centre for Energy and Environmental Studies. Groningen State University
In the Netherlands' Veenkoloniën, calculations by a research team at IVEM
indicate ambient pesticide concentrations several dozen times higher than the team's
calculated maximum permissible atmospheric concentration (based on extrapolation from
animal testing data) (Buurveld et al., 1988; Ree and Roorda, 1988).
TNO: Netherlands Organ, for Applied Scientific Research (C. Huygen, D.I. Bakker)
At TNO, a model has been developed for calculating the peak load caused by
spray drift and volatilization (Huygen et al., 1986a, 1986b). This model is also used in
the present study. In the course of the coming year, measurements of emissions from
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horticultural greenhouses are scheduled, in collaboration with Zuid-Holland provincial
authorities.
Amsterdam Municipal Water Utilities (O.I. Snoek)
A number of drinking water utilities sporadically monitor their supplies for the
presence of pesticides. In the area served by the Amsterdam municipal water utilities,
atrazine, bentazone and other compounds have been detected, both in groundwater and in
rainwater (pers. comm. Snoek).
2.3.2 Other countries
The impression gained from the available literature is that the atmosphere and rainwater
are monitored only sporadically for the presence of pesticides, with no systematic
monitoring programmes in this area (cf. Harkov, 1986). Short-range (spray) drift has
been investigated in a number of studies. There follows a review of the literature found.
In a review article, Harkov (1986) describes the effects of semi-volatile organic
compounds on public health. With respect to pesticides, he reports several series of
measurements in the US around 1970. The compounds monitored were organochlorines
and organophosphates. Of these, only the former were detected, and then only at very
low levels. In areas treated with pesticides, however, the background concentration was
higher than elsewhere. Harkov concludes that airborne pesticides have no adverse impact
on public health.
In Germany, a guideline has recently been developed to assess vapour drift
(Anonymous, 1990). The guideline comprises three phases: if the half-life of the active
ingredient following photolysis in water or hydrolysis exceeds 4 days, the test continues
with Phase 2. In the second phase, the volatilization rate from the soil and from plants is
determined in the laboratory or field. If this value exceeds 20% per day, the test
continues with Phase 3, in which the rate of photochemical dissociation in the atmosphere
is estimated, theoretically or practically. On the basis of these data, finally, the risk is
estimated.
Glotfelty (1987) found far higher levels of pesticides in mist than expected,
particularly chlorinated organics.
Spray drift has been studied extensively. Goering and Butler (1975) have moni-
tored levels at various distances from the spray swath, using the results to develop a
model. Göhlich et al. (1979) have investigated the influence of weather conditions and
spraying equipment on spray drift in orchards and vineyards. Drift was monitored and
found up to a height of 12 metres. Wind and temperature, particularly, were found to
have a major influence on drift, with differences of up to 50% reported. Payne et al,
(1988) have measured drift and deposition as a model validation exercise. The aim of this
model was to establish a buffer zone of vulnerable areas, for instance open water. In this
model, an acceptable mortality can be set; the model then computes a minimum safe
distance. For Aedes agypti larvae, the safe distance is 20 metres if an acceptable mortality
rate of max. 10% is taken. Yates et al. (1974) have measured pesticide levels at different
distances from an aerially sprayed field, assessing the influence of nozzle type, solvent
and weather. Residue levels were found to be significantly influenced by nozzle type and
solvent. In addition, residue levels were found to be higher during stable weather,
possibly due to greater dilution and dispersal occurring under less stable weather
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conditions. Lawson and Uk (1979) have investigated how spray drift is influenced by
wind turbulence, crop structure and flight altitude, developing a predictive model. Elliot
and Wilson (1983) provide an extensive description of all the factors (emission, dispersal,
deposition and effects) involved in herbicide spray drift. They also provide a review of
crop damage incidents, which indicates that no distinction can usually be drawn between
spray drift and vapour drift. Only in a few cases can effects be specifically traced to
volatilization (see Section 2.2.1).
Long-range drift has been described by Kurtz (1990). This study is concerned
mainly with persistent organochlorine pesticides. On a global scale, these can be
dispersed through the atmosphere over extremely long distances.
Maybank et al. (1978) have conducted field tests to ascertain drift and
volatilization of 2,4-D. They found that drift varied between 1 and 8%. In the first two
hours, however, volatilization amounts to 30-40%.
Haines (1983) has found residues of organochlorine pesticides in fish. Because the
compounds could not have been transported along watercourses, he concludes that they
entered the water via atmospheric dispersal.
2.4 Conclusions
Based on the previous sections, the following conclusions can be drawn from Chapter 2.
General
In general terms, the available research data provide a wide variety of results, with
effects sometimes being found and sometimes being absent. Moreover, existing studies
focus primarily on the impact of individual compounds, with any synergistic effects or
effects in combination with other components of air pollution as yet unstudied.
In terms of sub-problem 1, it is to be concluded that the available data are
inadequate for predicting the possible side-effects of airborne pesticides.
Vascular plants
In the Netherlands, field research on the impact of low herbicide concentrations on
(wild) vascular plants has been conducted on a minor scale only, and certainly not in a
structured fashion. The little laboratory research that has been carried out indicates that
even at low concentrations pesticides can have an impact; effects in the field cannot
therefore be excluded a priori.
Studies in other countries show that plants can be affected even by (very) low
herbicide doses. Research focusing specifically on the impact of spray drift indicates that
wild plants can be affected up to a few dozen metres away from the site of application,
i.e. agricultural plots. No studies have been found concerning the impact of vapour drift
on natural vegetation.
Fungi
In the Netherlands, there have been no field studies on the impact of low fungicide
concentrations on fungi. However, a number of researchers suggest that effects may
occur; such suggestions are not based on solid data, though, but on the conjecture of
experts.
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Outside the Netherlands, too, we have not been able to find any field studies on
the impact of low pesticide concentrations on fungi. On the side-effects of recommended
doses, a great deal of research has been conducted. However, results on the impact on
mycorrhiza fungi, particularly, are not unambiguous. Effects on leaf moulds and leaf
yeasts have been reported at recommended doses.
Other species groups
As far as we have been able to establish, there have been no field studies in the
Netherlands on the impact of volatilization-dispersed pesticides on species groups other
than vascular plants and fungi. In view of the toxicity of many compounds, however,
such effects are certainly conceivable.
Dispersal
Existing Dutch monitoring networks mainly cover organochlorine compounds.
These have been occasionally detected in rainwater. There is no monitoring of dry
deposition. There are also a number of projects focusing specifically on several selected
compounds. These projects indicate that other pesticides are also found in rainwater.
Based on the observed results, though, it is likely that other pesticides will also be present
in the atmosphere and be subject to deposition.
Outside the Netherlands, there is no routine monitoring of pesticides in the
atmosphere or deposition. Organochlorine compounds have been shown to be atmos-
pherically dispersed on a global scale.
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COMPOUND SELECTION
In Chapter 2 it was concluded that the available data are inadequate for predicting
possible side-effects of airborne pesticides. In the following chapters, therefore, we calcu-
late and/or estimate NOELs for plants and fungi and calculate pesticide deposition rates,
using these values to predict any side-effects (cf. Chapter 1, sub-problem 2). To this end,
in Chapter 3 we select four pesticides, to restrict the scope of the study. For these
compounds, the NOELs are then calculated in Chapter 4. In Chapter 5, deposition values
are calculated and in Chapter 6 these two data sets are related to one another. In Chapter
7, finally, some conclusions are drawn.
The basic criteria for selection are that the compound should be suspected of undergoing
atmospheric dispersal and of having side-effects at low concentrations. More specifically,
the following criteria - both theoretical and practical in nature - have been employed:
1. the compound is in widespread use (Section 3.1);
2. there are indications that the compound is or may be present in the atmosphere (based
on available monitoring data and formulation properties, respectively) (Section 3.2);
3. there are indications that side-effects may occur (Section 3.3).
Based on these considerations, a definite choice of compounds for further
investigation is made in Section 3.4.
3.1 Scale of use
The present study focuses on the effects of compounds that are atmospherically dispersed
and that are known to be in widespread use, in terms of absolute volume, in the Nether-
lands. The twenty most commonly used pesticides in this country are: atrazine, benta-
zone, captan, dichloropropene, dinoseb, fentin acetate, glyphosate, copper oxide, manco-
zeb, maneb, MCPA, mecoprop, metam sodium, methyl bromide, mineral oil, sodium
hypochlorite, coal-tar distillate, TCA and zineb' (Parliamentary Proceedings (Second
Chamber), 1987-1988, Appendix, p. 1366).
A second criterion is the acreage on which the compounds are applied. Here, we
have based selection on those crops that are cultivated on a large proportion of Dutch
arable land, viz.: fodder maize, sugarbeet, winter wheat and potatoes (eating and
industrial) {Berends, 1989).
The use of dmoseb and methyl bromide has now been banned; for the latter compound, an
exemption can be requested for use in greenhouse horticulture until 01/01/1992. TCA is no longer
one of the most widely used compounds. Sodium hypochlorite does not constitute an agricultural
pesticide. According to recent data, DNOC should be added to the list of most widely used
compounds (pers. comm. Van de Ruit, Environment Ministry). Although these data only became
available at the end of our study, we were able to make an assessment of whether DNOC would
have been a better choice. The choice for MCPA still stands, though, since it has a different mode
of action (growth inhibitor) and it is therefore likely to have different side-effects. The choice for
atrazine also stands, since this compound has already been detected several times in rainwater and
is thus apparently subject to atmospheric dispersal.
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Table 3.1 shows which of the most widely used herbicides, fungicides and soil
fumigants are used on these crops. The table also indicates the targeted pests.
3.2 Emissions and presence in the atmosphere
Almost without exception, pesticides applied above ground as liquids or wettable
powders also affect tiie direct surroundings of the treated plot because of drift. With
aerial spraying, this risk is particularly high. In addition, dispersal may occur as a result
of volatilization, particularly in the case of gaseous compounds and compounds of
medium to high volatility. Dispersal via volatilization has a potentially large radius of
action. Because it has the greatest potential for long-range impact, model calculations will
focus on the volatilization route.
Table 3.1 Most commonly used herbicides, fungicides and soil fumigants in the
Netherlands, with treated crop and targeted organism(s) (source: Van Rijn,
1989)
Compound
Herbicides
Atrazine
Bentazone
Metamitron
Glyphosate
MCPA
Hecoprop
TCA
Fungicides
Captan
Fentin acetate
Manco zeb
Ha ne b
Zineb
Soil fumioants
D i ch 1 or opropene
Hetam sodium
crop
Maize
Maize; cereals ;
grass seed; meadowland
Sugarbeet; flower bulbs
fallow land
winter wheat ?
potatoes ;
Cereals; grass seed;
meadowland
Cereals; meadowland;
grass seed
Grase seed
Fruit- K flower-growing
Potatoes
Wheat
potatoes and other uses
Wheat
potatoes and other uses
Potatoes and other uses
Potatoes ; sugarbeet
Potatoes ; sugarbeet
Target organisms
Annuals
Dicotyledon a
Annuals
Weeds
Dicotyledons
Dicotyledons
Monocotyledons ,
Wheat
Hicodochiuai and
other moulds
Phytophthora
Ripening diseases
Phytophthora
Ripening diseases
Phytophthora;
Al tern&riat
Phytophthora ?
Alternaria
Eel worms 7
weeds
Eelworms ,-
moulds
The term 'ripening disease' is used to indicate moulds in
corn ear.
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A third atmospheric emission route is via windblown paniculate matter on which
pesticides have been adsorbed. In general, aerosols undergo much wider dispersal than
gases emitted at ground level. Particle-adsorbed compounds may consequently be spread
far further afield than gaseous compounds. However, little quantitative information is
available on paniculate dispersal, either in relative or absolute terms. On occasion,
though, this category of emission may be significant, for instance during dust storms
(Wheatly, 1973). To date, however, quantification has not yet been successful (cf. Slooff
etal., 1987).
For shortlisting pesticides suspected of being present in the atmosphere, the
following compound properties are relevant (cf. Table 3.2):
1. Gaseous form: gaseous compounds are extremely susceptible to atmospheric
dispersal. However, none of the most widely applied compounds mentioned above
is gaseous.
2. Volatility: as a rule, herbicides have a low, fungicides a moderate and soil
fumigants a high volatility. In the case of metam sodium, the decomposition
product methylisothiocyanate is gaseous. Dichloropropene also has an extremely
high volatilization rate. The vapour pressure is a measure of volatility.
3. Persistence', if it has a long enough lifetime, even a less volatile compound may
become airborne. However, less volatile compounds are more likely to be
dispersed adsorbed on particles or aerosols. In general, soil fumigants and
fungicides have a low persistence. Some herbicides are persistent, especially
atrazine. The half-life is a measure of persistence.
4. Log Kow, i.e. the n-octanol/water coefficient: this provides an indication of the
degree to which a compound is bound to organic matter, and thus also to soil
particles and aerosols. A high log Kow indicates a high degree of soil binding and
consequently little chance of volatilization and dispersal as a gas. However, the
chance of particle-adsorbed dispersal is then greater. Generally speaking, log Kow
is low for soil fumigants (relatively soluble in water and less readily adsorbed on
soil particles) and high for fungicides, with herbicides occupying an intermediate
position. Exceptions are TCA and glyphosate, which have an extremely low log
Kow. Glyphosate is characterized as "strongly adsorbed by soil" (Worthing &
Walker, 1987), so that in this case the correlation with log Kow does not hold.
5. Henry's constant, i.e. the water/air concentration ratio. This is dependent on the
vapour pressure of the compound, on the one hand (see 2, above), and on its
solubility in water, on the other. Henry's constant can be used to estimate the rate
of evaporation from wet surfaces (Jury et al., 1990), a high constant signifying a
low evaporation rate. In addition, this factor is important for determining wet
deposition; see Chapter 5 and Appendix 5.1. In this case, a high Henry's constant
signifies a high wet relative to dry deposition velocity.
6. Presence in the atmosphere, either demonstrated (measured or calculated) or
estimated. Atrazine and bentazone have been detected in rainwater, both in the
Netherlands (RIVM, 1987) and elsewhere (Glotfeldy et al., 1987; Richards et al.,
1987; Buser, 1990). Dichloropropene has also been found in rainwater (Duiser &
Huygen, 1985). As far as is known, no rainwater measurements are available for
other compounds. Model calculations have been performed for dichloropropene
and metam sodium (Buurveld et al., 1988; RUG Chemiewinkel, 1988) and for
captan (Van Dael, 1987).
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Among the herbicides, attazine and bentazone would appear to be the obvious
choice for further investigation, because of their proven presence in rainwater. In the case
of the fungicides, the risk of atmospheric dispersal appears to be less serious. Captan and
fentin acetate are slightly more volatile than the herbicides. The very high log Kow makes
particle-bound dispersal likely, but at the same time implies a lower risk of gaseous
dispersal. Captan has the advantage of model calculations already being available.
Because of their extremely high volatility, soil fumigants become readily airborne.
Dispersal of gas emanating at grade level can lead to high concentrations and deposition
rates in the vicinity of treated plots (up to several kilometres distance). In terms of the
properties considered, dichloropropene and metam sodium show similarities and are thus
both relevant choices.
Based on their suspected presence in the atmosphere, therefore, from the three
groups of compounds the following five are the most interesting for further investigation:
- atrazine
- bentazone
- captan
- dichloropropene
- metam sodium.
In the following section, we consider whether this initial choice should be
modified, extended or restricted on the basis of the anticipated effects of the compounds.
Table 3.2 Pesticide properties relevant to side-effects following atmospheric dispersal
(main sources: Worthing & Walker, 1987; Canton et al., 1990)
Herbicides
Atrazine
Bentazone
Metamitron
Glyphosate
MCPA
Mecoprop
TCA
Funaicidea
Captan
Fentin acetate
Mancozeb
Maneb
Zineb
Soil fumiaants
Dichloropropene
Metam sodium
Half-
life
SO d
48 d
15 d
11 d
3 d
5 d
56 d
13 d
6 d
Vapour
pressure
0.04 raPa
0.01 mPa
13 roPa
(-)
0.2 mPa
(at 51°)
1.3 mPa
1.9 mPa
3.7 kPa
2.7 kPa
Log
Kow
3.39
2.48
2.06
0.42
2.31
2.41
-0.75
4.11
3.78
?
?
3.75
1.20
1.59
C. water/
c. air '
8.47*10'
2.73*10'
20.5*10*
15. B
Heas • d/
calc'd
+
+
+
+
+
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3.3 Impact
In principle, all these compounds might have an impact; after all, this is inherent in their
use as a herbicide, soil fumigant or fungicide. Williams et al. (1987) assign a risk index
to herbicides indicating the extent of their side-effects on plants, based among other
factors on their breadth of action, persistence and risk of drift. They consider 83 different
herbicides, assigning a score from 1 to 10. Of the herbicides in widest use in the
Netherlands, MCPA, mecoprop, glyphosate and atrazine score particularly high (9, 9, 8
and 8, respectively). With herbicides, two main modes of action can be distinguished:
photosynthesis inhibitors and growth regulators. Atrazine is in the former category,
MCPA and mecoprop in the latter. Glyphosate inhibits protein and amino-acid
biosynthesis. Research on MCPA and glyphosate indicates that these two compounds may
have side-effects at fairly low concentrations {Williams et al., 1987).
With respect to the fungicides, Trappe et al. (1984) reports that captan has no
impact on mycorrhiza fungi. At normal doses, the dithiocarbamates were found to have
zero impact, too; this was not the case at higher doses, however.
With respect to soil fumigants, metam sodium is known to have a wider spectrum
of action than dichloropropene (fungicide, nematicide and herbicide rather than nematicide
and herbicide). Consequently, side-effects have been reported for metam sodium
(although this has only been studied at higher doses) (Trappe et al., 1984; Menge, 1982.).
3.4 Conclusions
Of the herbicides, only atrazine and bentazone appear to involve a potential risk of
atmospheric dispersal. Because there is also a risk of side-effects with atrazine, this com-
pound has been selected for further investigation. As a second herbicide, MCPA has been
selected because of its proven negative effects at low concentrations.
Once captan was suspected of atmospheric dispersal, it was also found to be the
fungicide which was most subject to volatilization. Of the fungicides in widespread use in
the Netherlands, captan is moreover the only compound on which there is sufficient data
for quantitatively estimating atmospheric dispersal. On the criterion of suspected side-
effects, there is no clear preference for selecting one particular fungicide. Captan has
therefore been chosen for further investigation of its dispersal and impact.
Both metam sodium and dichloropropene involve a high risk of atmospheric
dispersal. Metam sodium has been selected because of its wider spectrum of action.
The various compounds and the criteria employed in selection are shown in Table
3.3.
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Table 3.3 Score on major criteria and final selection of compounds
Herbicides
Atrazine
B ent. a zone
Metamitron
Glyphosate
MCPA
Hecoprop
TCA
Fungicides
Captan
Fentin acetate
Manco zeb
Ha ne b
Zineb
Soil fumiaants
Dichloropropene
Me t am sodium
Present in
atmosphere
+
+
?
7
7
?
?
+
Î
t
?
?
+
+
Effects
+
?
?
+
++
+
7
?
?
?
?
?
+
++
Final
selection
X
X
X
X
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4. NOELs
In this chapter we consider whether the four selected compounds (atrazine, MCPA,
captan and metam sodium) are likely to have side-effects and, if so, at what levels such
effects are to be anticipated (Sections 4.1 to 4.4). To this end, we employ two sources of
data: the scientific literature and manufacturers' directions for use, i.e. recommended
doses. The chapter concludes with a general discussion (Section 4.5) and conclusions
(Section 4.6).
100»
effect
log c *
recommended
dose
Figure 4.1 Hypothetical dose-effect curve; EV = effect value = dose at which a given
effect is found
Figure 4.1 provides a schematic representation of the approach followed in this
chapter. For all the compounds under review, the practical dose is known and is assumed
to have a 100% effect. The side-effects of interest are those affecting fungi and plants
away from the treated plots, in particular effects on species related to target species or
even the target species themselves. The practical dose has therefore also been taken as
having a 100% (side-)effect on non-target species. This chapter is concerned with
recovering NOEL values from the literature. In cases where such values are not available,
it was sometimes possible to find an (arbitrary) dose-effect value (EV). This is a dose that
is known to produce a certain effect; in such cases, however, the position of the dose
relative to the NOEL or the recommended dose is unclear. Nevertheless, this type of
value at least provides an indication that the level in question can be expected to have an
impact.
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4.1 Atrazine
Atrazine is a systemic herbicide that is taken up by the subsurface parts of the plant and,
to a lesser extent, by the leaves. Its mode of action is based on photosynthesis inhibition.
The compound is effective against annual weeds and couch grass and has a long span of
action (several months, even at low doses). Atrazine is preferably used on heavy and
damp soils (Van Rijn, 1989). The approved dosage is 1.5 kg/ha a.i. According to Berends
(1989), a dose of 0.75 kg/ha a.i. is applied in practice. In this study, the practical dose
has been assumed.
The majority of the literature found is concerned with the side-effects of atrazine
on mycorrhiza fungi. Trappe et al. (1984) describe the effects of atrazine and other
compounds on this class of fungi. They studied 15 species on an artificial substrate. At
concentrations of 1-10,000 mg/kg, a positive, zero and negative effect on growth was
observed. Their experiments showed that growth is stimulated in culture, but that
ectomycorrhiza formation is inhibited in soil. Atrazine was found to inhibit ectomycor-
rhiza formation on oaks, but to stimulate endomycorrhiza formation on sweet gum
Liquidambar styraciflua.
No data have been found on the impact of low concentrations on fungi. On the
basis of the available literature, therefore, it is not possible to estimate a NOEL for fungi.
For vascular plants, data have been found. Many of the studies are concerned with
the effect of pesticide residues of former treatments. As residue levels have not been
quantitatively determined, however, most of the studies are not relevant for estimating a
NOEL. One example of this kind of research is the study by Pawlak et al. (1987),
describing the effect of atrazine residues on soya beans. Maize was sprayed with 0, 1.12
and 2.24 kg a.i./ha atrazine. The following year, soya beans were cultivated on the same
plots. After intensive ploughing, the maximum impact on soya bean yield was approx.
7% with the highest dose. With no, or less intensive ploughing, the impact was greater:
approx. 10% at 1.12 kg/ha and approx. 20% at 2.24 kg/ha.
Literature has also been found on laboratory studies on the impact of low soil
pesticide levels on flowering plants. These results will now be discussed.
Nyffeler et al. (1982; cf. Chapter 2) have published EC^-values (jug herbicide/g
soil) for atrazine in bioassays, using concentrations of 0.025, 0.05, 0.1, 0.2, 0.4, 0.8 and
1.6 mg/kg air-dried soil. The experiments were performed with garden cress Lepidium
sativum and oilseed rape Brassica rapa. The effect on fresh weight and dry weight was
measured two weeks after sowing in pots and after repotting. The values found are shown
in Table 4.1.
Table 4.1 Dry-weight and fresh-weight ECSO values 0»g herbicide/g soil) for garden
cress and oilseed rape together (after Nyffeler et al., 1982)
Sowing method
Repotting method
ECS, dry weight
0.18 (0.12-0.29)
0.12 (0.07-0.68)
ECK, fresh weight
0.20 (0.10-0.75)
0.12 (0.04-0.46)
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Nyffeler et al. also give dose-effect relationships; for fresh weight, the graph is
steeper than for dry weight, indicating that fresh weight is the more sensitive parameter.
Although there is considerable spread in the results, there still appears to be an impact
even at the lowest concentrations.
Günther & Pestemer (1990) have conducted laboratory bioassays on vascular
plants, studying effects on oats Avena sanva Fabian and oilseed rape Brassica rapa. Their
results are shown in Table 4.2.
The results obtained in these two studies are in fairly good agreement. In the
calculations below, we proceed from these values, viz. an EC» of 0.04 - 0.2 mg/kg and
an EC, of 0.02-0.04 mg/kg soil. This value is presented as NOEL in Table 4.4.
Table 4.2 EC, and EC» values for oats and oilseed rape (after Günther & Pestemer,
1990)
Rape ( 10 days )
Oats (14 days)
EC, (mg/kg)
0.02
0.04
EC» (mg/kg)
0.045
0.2
4.2 MCPA
MCPA is a systemic herbicide taken up mainly by the leaves. Its action is based on
growth hormone regulation. The compound is effective against annual and perennial
dicotyledons and is designed for use on dry weeds in favourable growing conditions.
In the Netherlands this type of pesticides is used for about 30 to 40 years. By the
extensive use of these pesticides the weed composition is changed in favour of the less
sensitive species. Weeds which were common in the past like charlock Sinapis arvensis,
poppy Papaver sp., bluebottle Centaurea cyanus and others have become rare (Anony-
mus, 1991). The species now present in wheat fields are not sensitive to growth regulat-
ing pesticides. The disapearance of the more sensitive weeds is the result of the use of the
recommended dose of these pesticides.
Trappe et al. (1984) describe the effect of MCPA and other compounds on
mycorrhiza fungi. They studied 3 species on an artificial substrate. At concentrations of
10-250 mg/kg, a positive, zero and negative effect on growth was observed. The
literature does not provide sufficient data for estimating a NOEL for mycorrhiza fungi.
Williams et al. (1987) report that MCPA is a non-selective compound used to
control dicotyledons (incl. perennials) which is readily taken up through the leaves and
therefore carries a high risk. Elliot & Wilson (1983) give a list of the known effects on
crop species (see Table 4.3), i.e. crop damage that is consistently found (observed). The
doses at which observable effects are reported varies between 0.25 and 33 g/ha, depend-
ing on the crop and the effect concerned. Doses leading to an effect on crop yields vary
between 11 and 1,000 g/ha.
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Table 4.3 MCPA concentrations with an observable impact on crops (after EUiot &
Wilson, 1983)
Percentage of recommended
dose (approx. 1.8 kg/ha)
0.01 - 0.05
0.1 - 0.4
0.4 - 1
1 - 2
3 - 5
5 - 10
10 - 20
Crop
Cucumber, lettuce (under glass)
Tomato, lettuce (in field)
Rape
Cauliflower, cabbage, beetroot,
parsnip
Beans , carrot » sprouts , spinach
Beans, carrot
Onion, broad beans
Williams et al. report the following effects:
epinasty (leaf-curling);
inhibition of leaf expansion, leading to small, deformed leaves;
deformation, swelling and splitting of stems;
deformation of tap roots, splitting and reduction in yield of root crops;
shedding of buds and flowers, delayed flowering, fruits deformed or absent;
reduced yield of fruits and seeds;
necrosis; in perennial crops, damage may continue until after the growing season
in which the original damage set in.
Depending on the frequency of use, during a period of from 1 to 7 days following
application, 4, 6, 8 and 18 g/ha of MCPA were observed to have a slight to serious
impact on the third and fourth leaf stage of oilseed rape Brassica napus. At 10, 22 and 56
g/ha, a reduction in dry matter production of respectively 12, 25 and 50% was observed
at harvest (Arvidsson, 1985, quoted by Williams et al., 1987).
Streibig (1987) has studied the efficacy of auxin mixtures in hydroculture. Plants
raised for one week from seed were transferred to a nutrient solution containing the
compound under review. Dose-effect curves were drawn foi various pesticides, including
MCPA. For white mustard Sinapis alba, an EC» of 0.043 mg a.i./l was found. For
barley Hordeum vulgäre, values of 0.171, 0.223 and 0.253 mg a.i./l were found in
several individual tests. From the curves, the NOEL can be estimated to be approx. 0.01
mg a.i./l for Sinapis alba and below 0.01 mg a.i./l for Hordeum vulgäre. Streibig's study
focuses mainly on methods for interpolating from one compound to another and for
calculating the effects of mixtures.
From the above, it can be concluded that the NOEL for MCPA lies between 0.25
and 33 g/ha for visible impact on plants and between 10 and 1,000 g/ha for dry matter
production.
4.3 Captan
Captan is a fungicide. It is used to control a.o. scab, Venturia inaequalis, Pezicula sp.,
Micodochium panattoniamm, Phytophtora porri, Botrytis sp., Marssonina sp., Cylindro-
cladium sp., Fusaram sp., Rhizoctonia sp., PytMum sp., Sclerotium sp. The compound is
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used as a fumigant for soil and potting compost by florists and tree nurseries to prevent
mould formation on cuttings, sometimes mixed with growth hormones to promote rooting.
In liquid form, it is used as a maize seed dressing to control soil fungi.
Various studies indicate that captan is not likely to have an impact on mycorrhiza
fungi. Trappe et al. (1984) have published a review of studies in this field. The effect of
captan on four species of ectomycorrhiza fungi has been studied in culture, using
concentrations between 1 and 15,000 ng/1. In some of these experiments a growth-inhib-
iting effect was observed, while in others there was no observable effect. In soil, 4.5-245
kg/ha was found to have a positive, zero and negative effect on ectomycorrhiza. In this
case, the impact on the ectomycorrhiza fungi was probably due to an ecological effect,
soil organisms being affected by the compound, in turn affecting mycorrhiza formation.
With doses of 0.6-9 kg/ha, no effect was observed on endomycorrhiza fungi. According
to Menge (1982), too, captan has virtually no effect on mycorrhiza fungi; under some
conditions, it may even have a positive impact. In studies on citrus trees, Nemec (1980)
found a similar effect.
In a laboratory study on maize, Nesheim & Linn (1969) found that captan (80%
a.i.) applied to the soil (50 and 100 ppm) led to a reduction in mycorrhiza infection. This
reduction was relatively shght: 68% and 64%, respectively, relative to a control sample
set at 100%.
In a laboratory study on onions, Bertoldi et al. (1977) found that a practical dose
of captan applied to the soil had no effect on mycorrhiza fungi, though other fungi
growing in the rhizosphere were effected. As a result, there was still an observable
impact on the partner, viz. growth inhibition, in the form of a 22-25% reduction in
diameter and 31-34% reduction in dry weight. In other studies on onions, however,
Kough et al. (1987) did observe a reduction in mycorrhiza infection due to captan, at a
concentration of 100 fig a.i./g dry soil matter. Using a method involving measurement of
mycorrhiza fungi activity, they already found an effect after three days. An impact on the
degree of infection was only observed after two weeks. A point of criticism raised by
Kough et al. vis-à-vis other methods is that these only considered the degree of infection
and not the activity; consequently, dead fungal matter may have also been included in
measurements.
Kapur et al. (1980) describe the effects of captan and other pesticides on non-
target soil fungi, at concentrations of 1.121 and 11.208 kg/ha. At the lower level, a 41%
reduction in the number of colonies was found relative to the control. After one month
there was an increase of 18% and after two months there was barely any difference (-
4%). However, the differences were not significant. When only nematophagous fungi
were considered, injection with 1.121 kg/ha was found to give a significant reduction (-
66%), followed by relatively slow recovery (to 80% after two months). The effect of
spraying a test plot with 11.208 kg/ha was considerably less pronounced (-33% and 86%,
respectively). In the laboratory, captan was found to be very effective against nemato-
phagous fungi; even at low concentrations, no recovery was observed.
Anderson et al. (1981) have studied the effects of 5 and 50 mg/kg soil-injected
captan on soil microbe biomass. These authors give the recommended dose as 12 mg/kg.
Both the doses studied reduced biomass by more than half. At 5 mg/kg, there was
complete recovery after 8 days; at 50 mg/kg, recovery was still not complete at the end
of the experiment, after 64 days. The lower concentration had no influence on the ratio of
fungi to bacteria. At the higher concentration, there was a shift towards bacteria.
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Schnelle & Hensley (1990) report that captan has no effect on the formation of
root nodules and nitrogen fixation in beans Phaseolus vulgaris.
Effects of captan on non-target leaf moulds have been observed, however. Using a
concentration of 2.0 mg/1, Pandey & Kumar (1988) found that the compound affects non-
target fungi, although only temporarily. The impact on leaf moulds has also been studied
by Fokkema and Van Nooij (1981). They report that, on agar, 0.12 g/1 of captan
completely inhibits the growth of the saprophytes Sporobolomyces roseus, Cryplococcus
laurentii var. flavescens and causes at least 40% growth reduction in Aureobasidium
pullulons and Cladosporium coadosporioides. In a leaf colonization experiment at the
recommended dose (1.2 g/1 a.i.) a pronounced reduction was also observed.
From the above, it can be concluded that studies with captan on mycorrhiza fungi
have not yielded unambiguous results. Laboratory studies indicate effects on mycorrhiza
fungi at a concentration of 50-100 mg/kg soil. However, if it is assumed that half the
recommended dose finds its way into the top 5 cm of the soil, this gives a concentration
of 46 mg/kg. The laboratory studies found are therefore equivalent to the recommended
dose, or even higher levels.
Effects on leaf moulds are reported at a concentration of 0.002-0.12 g/1. The
recommended dose is 1.2 g/1, and the effect level is therefore 0.16-10% of the practical
dose. The NOEL for leaf moulds thus corresponds with 0.36-22.5 g/ha. As far as soil
fungi are concerned, therefore, it can only be concluded that the recommended dose has a
negative impact.
4.4 Metam sodium
In the soil, metam sodium is converted to methylisothiocyanate (MITC), the effective
active moiety. The compound has a broad spectrum of action: it is primarily a fungicide
and nematicide, but it also acts as a herbicide. It is used to control nematodes in potatoes,
beets, onions, vegetables, strawberries, as well as in flower bulbs, perennials and other
florist plants. It is used to control moulds on flower bulbs and young trees and to control
weeds in the cultivation of herbs, decorative plants and vegetables. The recommended
dose, expressed as MITC, is approx. 85 kg/ha (Buurveld et al., 1988).
Trappe et al. (1984) report that metam sodium inhibits ectomycorrhiza growth.
They found major differences among mycorrhiza species. At concentrations between 1
and 10,000 mg/kg, a positive, zero and negative impact was found on 7 species in
culture. With doses of 67-5,000 I/ha in the field, there was a negative or zero effect on
ectomycorrhiza fungi. At 93.5-1,000 1/ha, there was also a negative or zero effect on
endomycorrhiza fungi.
Menge (1982) reports that metam sodium reduces infection by endomycorrhiza
fungi, both in greenhouse experiments and in the field. With 40 ppm Vorlex (20% MITC,
i.e. 8 ppm MITC), Nesheim & Linn (1969) found a 20% reduction in infection relative to
a control sample.
Leistra & Van den Berg (1991) report on post-treatment MITC concentrations,
measuring at a height of 1.5 m at the downwind field perimeter. On the first days post-
treatment, they measured 0.2-3 ng/nf. The calculated concentration then increased to 11
fig/m3 7 to 9 days post-treatment. These data were valid for two of the four test plots; in
these, the measured concentration was higher than the calculated value during the first
few days. During the next few days, the situation was usually reversed. In the other two
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plots, the calculated levels were always below the detection limit (1 jig/m3), or there were
insufficient measurements for conclusions to be drawn. The authors also developed a
model providing a more accurate description of the behaviour of the compound in the
soil.
From the above, it is clear that no data have been found on which to base a NOEL
for metam sodium. The only solid fact comes from the study by Nesheim & Linn (1969):
8 ppm MITC has an impact on endomycorrhiza fungi.
4.5 Discussion
In this section, for those compounds for which no NOEL is available we shall derive an
estimate of the potential impact.
NOELs have not been found for the action of metam sodium and captan in or via
the soil. For these two compounds, a NOEL is therefore estimated below. To this end,
we proceed from the practical dose; because the compounds act via absorption from the
soil or have an impact on soil organisms, this practical dose is first converted to a soil
concentration. It is then assumed that this practical dose has a 99-100% effect and that
0.1% of this dose corresponds with the NOEL. This approach is supported by the
following arguments.
For compounds for which a NOEL has been found, we investigated how this value
relates to the practical dose. Atrazine is the only compound for which a NOEL for soil
absorption has been found. Atrazine acts through root uptake and the NOELs have also
been found expressed as a herbicide concentration per unit weight dry soil matter. The
practical dose must therefore first be converted to a soil concentration.1 This conversion
gives a concentration of 30 mg/kg soil. This implies that in this case, too, the EC5 (0.02-
0.04 mg/kg) represents approximately 0.1% of the recommended dose.
A similar calculation for captan yields a value of 46 mg/kg soil for the practical
dose. In this case, a sandy soil has been assumed with a density of 1.5 g/cm3. For effects
on mycorrhiza fungi, it has already been established that the study in question focused on
the impact of the recommended dose.
For metam sodium (i.e. the active conversion product MITC), the practical dose
has also been converted to a soil concentration. Here, too, it has been assumed that half
the recommended dose reaches the soil and spreads through the top 5 cm. Assuming a
soil density of 1.3 g/cm3 (that of the Veenkoloniën soil), the dose is found to be equival-
ent to a concentration of 325 mg/kg MITC. This implies that the lowest level at which an
effect has been found (8 mg/kg) represents about 2.5% of the recommended dose.
The results are summarized in Table 4.4, which gives the practical dose, in some
cases converted to a soil concentration, any NOEL found, and any other dose which
The conversion is as follows: The practical alrazme dose is 0.75 kg/ha. It is assumed that 50 % of
the compound reaches the soil (the other 50% remaining on the crop and/or vaporizing) and
spreads through the top 5 cm. This enables the quantity of pesticide per cm3 soil to be calculated.
Since the NOELs are given as a pesticide concentration per gram dry soil matter, the practical
doses are also converted in terms of dry soil matter. In this case, a figure of 0.45 g/cm3 dry soil
matter has been taken, the density of a peat-nch soil such as that encountered in De Peel region,
where large quantities of atrazuie are applied. This figure was then used to calculate the concentra-
tion of the compound in the soil.
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caused effects (= effect value). In Chapter 6, further calculations are made using the
NOELs recovered from the literature, the effect values found and the NOELs obtained by
analogy. It should be stressed that, in view of the limited quantity of data and the
assumptions made, the NOELs represent no more than an indication of actual NOELs in
the field.
Table 4.4 Reported and estimated NOELs; n.a. = not applicable; n.f. = not found in
the literature. Sources (for practical dose): Berends (1989) and Van Rijn
(1989)
EXPOSURE VIA THE SOIL (mg/kg)
Atrazine
Captan
MITC
Practical
dose
29
46
325
NOEL
0.02-0.04
n.f.
n.f.
Effect
value
n.a.
50-100
8
0.1% of dose
{estimated NOEL)
n.a.
0.046
0.325
EXPOSURE VIA ABOVE-GRADE LEAF SURFACE (g/ha)
MCPA
Captan
Practical
dose
1,000
225
NOEL
0. 25-33
0.36-22.5
Effect
value
n. a.
n.a.
0.1% of dose
{estimated NOEL)
n. a.
n. a.
In the literature research few NOEL data have been found. Therefore a survey has been
made of the environmental data in the pesticide registration reports. In these reports no
data has been found for terrestrial fungi or vascular plants. However, NOELs have been
found for the aquatic environment. Although not pertaining to the scope of this study, the
NOELs for the aquatic environment are presented in Table 4.5.
Table 4.5 NOELs for the aquatic environment. Source: pesticide registration reports,
n.f. = not found
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Atrazine
MCPA
Captan
HITC
NOEL (109/1)
algae
0.0015-0.015
180
46
n.f.
NOEL (rag/1)
invertebrates
0.14
100
n.f.
n.f.
NOEL (rag/1)
fish
0.065-0.21
n.f.
n.f.
n.f.
4.6 Conclusions
The contusions of this chapter are:
Field data are only available on the effects of low concentrations of one of the four
selected compounds (MCPA) on fungi and vascular plants. A few isolated data have been
found on the laboratory effects of low concentrations. On the basis of these data, we have
been able to estimate the following NOELs.
Exposure via the soil.
On basis of the laboratory data for atrazine, we provisionally take an EC5 of 0.02-0.04
mg/kg soil as representive value for the NOEL.
For captan and metam sodium, no literature data have been found from which to
derive a NOEL for effects via or in the soil. We have, however, found levels at which
effects are likely to occur. In the case of captan, these levels appeared to be the practical
doses (50-100 mg/kg has an impact on mycorrhiza fungi). With MITC, the value found (8
mg/kg has an impact on mycorrhiza fungi) could be used to estimate side-effects. In
addition, we have given an indication of what the NOEL would be if it were 0.1 % of the
practical dose. For captan, the NOEL estimated in this way is 0.046 mg/kg soil and for
MITC 0.325 mg/kg soil.
Exposure via above-grade leaf surface
For MCPA field data have been found. In terms of observable impact on plants, the
NOEL for MCPA lies between 0.25 and 33 g/ha.
For captan, laboratory data about the effects on non-target leaf moulds have been
found. For these effects, a NOEL of 0.36-22.5 g/ha has been found.
Exposure via surface water
NOELs have been found for atrazin, captan and MCPA. For MÎTC, no data have been
found regarding aquatic organisms, because it is used in the soil. Because no risk for
surface water exists on the moment of use, no data are required.
31
EMISSION, DISPERSAL AND DEPOSITION
5.1 Introduction
In this chapter, we consider how the four selected compounds are dispersed in the
environment under conditions of practical usage, and the quantities involved. Post-
emission atmospheric dispersal can be calculated in two ways: as an annual mean, and as
a peak value. Peak concentration and deposition are suitable parameters for assessing the
direct effects of (incidental) excessive exposure. Calculation of annual means is useful for
assessing chronic, long-term effects. For mycorrhiza fungi, and in general for plants,
deposition is more important than concentration. In this study, we use both types of data.
Calculated data are given in Sections 5.2 to 5.5, with conclusions in Section 5.6.
5.1.1 Atmospheric emission
Following application, pesticides may enter the atmosphere by several routes. These
mechanisms are discussed in Section 5.2. In order to perform dispersal calculations, a
quantitative estimate of emissions to the atmosphere must be made. As yet, such estimates
involve considerable uncertainties. A few sparse measurements of drift and volatilization
are available. Based on these data, TNO has developed a very rough emission model for
calculating both drift and volatilization for a given dosage. We have employed this model
for estimating emissions, computing both peak values and annual means. For the latter
case, the model has been modified to include the role of compound decomposition in
determining total annual emissions.
Atmospheric emissions are discussed in Section 5.2. For both the local and the
regional situation, the calculated or estimated magnitude of the emission source is given
in Appendix 5.1.
5.1.2 Peak concentration and deposition
There exist several Gaussian plume models (GPMs) for calculating peak pesticide
concentrations. These include the TNO version of the so-called National Model and the
RIGOM model developed by the Centre for Energy and Environmental Studies (IVEM) at
Groningen State University. For the present study, peak concentrations have been
computed by TNO using their modified GPM. Calculations have been performed for four
illustrative situations. For plots with an area of 1 ha, concentration and deposition have
been determined up to 2 km distance. In the examples, 'standard' regimes of crop
management and pesticide use have been assumed as far as possible for the four com-
pounds selected in Chapter 3. The results of these calculations are reported and discussed
in Section 5.3.
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5.1.3 Mean annual concentration and deposition
Compound dispersal can be calculated using the OPS model (= operational atmospheric
transport model for priority pollutants) developed by RTVM, the National Institute of
Public Health & Environmental Protection (Van Jaarsveld, 1989). In this modified GPM,
results are expressed as a mean annual concentration and deposition (kg/ha.year) at a
given distance from the source. The size of the source area and the distance can be
chosen as required. Local calculations can thus be made as weli as at the regional or even
national scale. For shorter distances (less than a few km), the model is less reliable,
however (pers. comm. Huygen, TNO). For the specifications and basic requirements of
the model, the reader is referred to Van Jaarsveld (1989).
For the purposes of the present study, calculations have been performed at the
local as well as the regional level. At the local level, the mean annual concentration and
the mean annual deposition - or, rather, accumulated annual deposition - have been
calculated in the direct vicinity of a plot, up to a distance of several hundred metres. The
worked examples are identical to those for the peak concentrations. At the regional level,
certain source areas have been taken as examples. Compound dispersal from the source
areas has been calculated as well as mean annual concentration and deposition in the wide
vicinity. In addition, concentration and deposition have been computed in a nature reserve
surrounded by several source areas. The assumptions made in the input data for the OPS
model are specified in Appendix 5.4. Parallel to the peak calculations, the calculations of
mean annual concentration and deposition given in Section 5.4 relate to the plot level. In
Section 5.5, for each of the selected compounds the emission, dispersal, mean annual
concentration and total annual deposition are calculated at the regional level for certain
selected areas.
5.2 Emission of the selected compounds
5.2.1 Compound usage
The table below shows the crops and areas on which the selected compounds are applied,
the recommended doses per hectare and, on this basis, the estimated total consumption of
each compound in the Netherlands. The table shows only those crops on which the
compounds are widely used. High doses of metam sodium are applied in potato cultiva-
tion, as is true of soil fumigants in general. The data are expressed in kg active ingredi-
ent. The total consumption figure for metam sodium is based on a very rough estimate. In
reality, this figure will be higher still, as aggregate soil fumigant consumption in the
Netherlands amounts to almost 13,000 tonnes annually (MJPG 1991) and metam sodium
is a major constituent of this group of compounds.
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Table 5.1 Dutch consumption of compounds under review
Compound
Atrazine *
MCPA *
Captan *
Metam sodium
Crop
Maize
Wheat, barley
Fruit
Potatoes
Area
(km')
1660
1610
200
1610
Dose
(kg a.i./ha)
0.75
1.0
1.0-2.5
150 **
Total con-
sumption
(ton/y) «*
77
18
52
1500 **
* Source: Berends, 1989.
** Baaed on actual usage on specified crops.
NB. Total consumption is determined not only by area treated and
dosage per hectare, but also by frequency of treatment and probabil-
ity of usage (partly dependent on use of other compounds for same
purpose).
5.2.2 Environmental emission
Strictly speaking, environmental emission occurs the moment a compound is applied. In
the present context, though, the term is taken to mean emission from the plot following
application, in other words, post-treatment losses. The following are the most important
emission routes:
losses during application (spray drift and excessive application, residues, rinsing,
leakage);
leaching to groundwater and run-off to surface waters;
volatilization;
losses on windblown particles.
This report considers only losses to the atmosphere. In quantitative terms, these
are by far the most significant: an estimated three-quarters of overall losses, implying that
some 20% of all the pesticides employed in outdoor cultivation is lost to the atmosphere
CWBE, 1990), by the following routes:
drift;
volatilization;
losses on windblown particles.
Drift dispersal is relevant at the short range only, seldom more than several dozen
metres. As stated in Chapter 1, in this study calculations focus on longer-range impact. In
the present context, therefore, volatilization and windblown loss form the key pathways
under review.
In the case of metam sodium, a very substantial proportion of the compound
volatilizes shortly after application and is dispersed via the atmosphere. The other three
pesticides considered volatilize less rapidly. Their volatilization rates can be calculated
using the TNO emission model (Huygen et al., 1986). The results of this modelling
exercise, summarized in Appendix 5.1, are shown in Table 5.2.
Broadly speaking, the figures for the first three compounds do not significantly
contradict the volatilization rates given by the Task Force on Emission Reduction (WBE,
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1990). In that report, losses from the soil and crop through volatilization are estimated at
20% for all compounds except soil fumigants. Obviously, the exact percentage may vary
from compound to compound. For methylisothiocyanate (MTTC), the decomposition
product of metam sodium on which the compound's action is in fact based, Leistra et al.
(1972, in Buurveld et al., 1988) report a volatilization rate of 50%. Some authors report
an even higher percentage (60-80% by Van Haasteren et al., 1987), while others give a
lower figure (10-50% by the Task Force on Emission Reduction, cf. WBE 1990). In this
study we proceed from an average figure of 50%.
The assumptions underlying the values listed in Table 5.2 are given in Appendix
5.1. Besides volatilization, decomposition is also included as a loss mechanism. For
atrazine, MCPA and captan, the only volatilization route considered is from the crop
itself, volatilization from the soil being neglected. For these compounds, decomposition
has been allowed for in calculating annual losses by volatilization, but no other foliar loss
mechanisms (such as rain-off). To some extent, these two simplifications will offset one
another. For metam sodium, an emission-model approach is inappropriate, because the
compound is applied subsurface and out of the growing season. For calculating peaks,
TNO estimates have been used. For the total annual emission, however, we have opted to
use a rough estimate based on volatilization rates found in the literature.
It should be stressed that the emission model is based on only a few measure-
ments; most conclusions have been drawn on the basis of compound properties and have
been subject to little validation (cf. Huygen et al., 1986). Results should consequently be
viewed as giving merely an indication of the practical situation. This is even truer of peak
calculations than annual calculations: in the latter case, the annual total dose always forms
a reference point.
Table 5.2 Atmospheric pesticide emissions
Compound
Atrazine
MCPA
Captan
Metam sodium
In kg/ha. year,
at normal dose
0.233
0.104
1.11
42.5 *
As % of amount
applied
23
10
49
50 *
Overall emission
in Netherlands
in ton/year
18
1.8
26
425 *
* Leistra, 1972 in: Buurveld et al., 1988. Calculated as methylisothio-
cyanate (MITC).
It is more difficult to estimate windblown losses. In some crops, such losses may
be substantial, due to dust storms (Edwards et al., 1973). Again, metam sodium, as a soil
fumigant, will score relatively high on this count since the compound is applied outside
the growing season. In fruit-growing (captan), for example, this class of emission will be
negligible. For wind-sensitive soils (25,000-80,000 ha in the Netherlands according to
Task Force on Emission Reduction), it is estimated that 1.3% of the applied dose is lost
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to the atmosphere through wind erosion. However, there is insufficient data available to
make a quantitative estimate of the amount of airborne pesticides adsorbed on dust
particles. On average, though, this category of emissions will be negligible in comparison
with losses through volatilization. In the following, therefore, we will allow only for
gaseous dispersal due to volatilization.
5.3 Calculation of peak concentration and deposition
5.3.1 General
Peak concentration and deposition have been calculated at the local scale only, i.e. at a
distance of 2 km from the field edge. The maximum concentration occurring immediately
downwind of a plot has been calculated for 'unfavourable' weather conditions: in this
context, high atmospheric stability with low wind speeds, leading to potentially high
concentrations. For MITC, calculations have also been made for 'average' weather
conditions. The results of these calculations, as well as the underlying assumptions, are
reported in Appendix 5.2.
5.3.2 Concentration and deposition of individual compounds
For alrazine. the concentration and deposition due to volatilization have been calculated
within a radius of 2,000 m around a 1-hectare maize plot treated once with 0.75 kg active
ingredient. For MCPA, calculations are based on a single treatment of a 1-ha cereal plot
with 1 kg active ingredient. The calculations on captan are for a 1-ha fruit orchard
treated 10 times with 225 g of active ingredient per treatment. The frequency of applica-
tion is not relevant for calculating peak concentrations; it merely means that the high
levels soon after treatment may occur several times a year. For metam sodium, finally,
calculations are based on a single treatment of a 1-ha potato plot with 150 kg of metam
sodium (i.e. 85 kg of MITC).
Table 5.3 Maximum pesticide concentrations (fig/m3) at various distances from field
edge under unfavourable weather conditions
Distance
50 in
150 m
250 m
350 m
450 m
900 m
Atrazine
0.138
0.063
0.038
0.024
0.017
0.006
MCPA
0.0288
0.0130
0.0077
0.0048
0.0033
0.0012
Captan
10.1
4.9
2.7
1.7
1.2
0.4
HITC
171
105
68
50
39
17
The figures in Table 5.3 for atrazine, MCPA and captan hold for the period
immediately after application. In the case of MITC, emission starts as soon as the ground
cover has been removed. At that point, all metam sodium is assumed to have been
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converted to MITC. The change in MITC concentration throughout the first week has
also been calculated by TNO; these results are also given in Appendix 5.2.
The relatively high concentrations computed for metam sodium (MITC) are only
to be expected, since this compound is applied at high doses and is highly volatile. More
surprising are the high concentrations of captan. The dose (single, i.e. 225 g/ha) is lower
than that of the other compounds. The result is in all probability due to the compound's
far higher vapour pressure and consequent greater volatility. If this is so, the concentra-
tion will decrease with time far more rapidly than in the case of atrazine and MCPA.
However, it should be borne in mind that treatment with captan is repeated up to 20 times
in the course of a single season. The nigh peak concentrations will therefore occur as
many times.
It is important to calculate peak deposition rates because incidental, temporally
concentrated periods of deposition are comparable with a single application of the
compound. For atrazine, MCPA and captan, the deposition level occurring immediately
after application is given in Table 5.4. These figures can be compared with the total
annual deposition data calculated in Section 5.4. For metam sodium, the results are given
in Table 5.5, which shows not only the levels immediately after treatment but also those
occurring during the first day and first week post-treatment. Here, the assumption has
been made that the wind is blowing from the same direction throughout the first week.
Here again, we see that calculated deposition values are higher for captan than for
atrazine or MCPA, corresponding with the higher peak concentrations calculated. A
comparison with the mean annual deposition data is made in Section 5.4.3.
Table 5.4 Deposition (g/ha,s) at various distances downwind of field edge immediate-
ly after compound application
Distance
50 m
150 m
250 m
350 m
450 m
900 m
Atrazine
6.2 ID"8
2.9 10-1
1.7 10-*
1.1 10-6
o . a lO'4
0.3 10"«
MCPA
1.30 10-4
0.59 10"6
0.35 1O-"
0.21 10-«
0.15 10-<
0.05 10-*
Captan
450 10*
220 10*
120 10*
77 W
54 ÎCr4
19 10«
The following table, Table 5.5, shows the calculated peak déposition rates for
metam sodium. These are also compared with annual means in Section 5.4.3. This table
also provides an indication of the proportion of total annual deposition already reaching
the soil during the first week and consequently the degree to which this déposition is
more or less equivalent to a single dose. As can be seen, if the wind blows in the same
direction throughout the first week, deposition at 100 m from the field edge may amount
to more than 0.5 kg/ha. Even at 1 km distance, deposition is by no means negligible: 29
g/ha. Another surprising result is that the emission level does not decrease substantially
during the first week. This suggests that the total annual dose may in fact be considerably
higher, without it having the same character as a single dose.
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Table 5.5 Déposition of MTTC at various distances from field edge, immediately after
emission starting point, during first day and during first week
Distance
100 m
200 m
300 m
400 m
500 m
1000 m
Direct
(g/ha. s)
5 . 4 10°
3 . S 10J
2 . 5 10°
1 . 9 10J
1 . 4 10's
0.6 10J
1st day
(g/ha. d)
92.3
46.0
28.5
19.6
14.4
5.2
1st week
(g/ha.w)
S18
258
160
110
81
29
5.4 Calculation of mean annual concentration and deposition at plot level
5.4.1 General
In calculating mean annual concentration and deposition, it has been assumed that
emission is continuous, spread evenly over the whole year. For atrazine, MCPA and
metam sodium, there is in fact just a single application. The values given in the figures
below do not therefore give a true picture of reality, as climatological conditions during
the period in which volatilization takes place will deviate from the mean annual condi-
tions. In addition, because the model is less reliable for the short range, the value of these
calculations is only limited. For the calculations at a regional level, this is less true; we
will return to this in Section 5.5.
In this context, two remarks should be made, however:
The calculations are based on climatology for the summer half of the year, thus
limiting the error somewhat.
The figures might be interpreted as a long-term average, and therefore still provide
a useful indication of the actual situation. As mentioned, the peak calculations
provide a picture more representative of reality.
The calculations are based on the same crop and compound regimes described
under discussion of the peak calculations in Section 5.3. The maximum distance from the
plot edge for which calculations have been made is 500 m. The assumptions made in
calculating concentrations and deposition rates are specified in Appendix 5.3. Details on
the input values used in the model are given in Appendix 5.4.
5.4.2 Concentration and deposition of individual compounds
Atrazine
As expected, the highest levels are encountered on and immediately adjacent (100
m) to the plot (figure 5.1). The maximum concentration is several nanograms per m3;
maximum deposition is about 2 grams per ha per year. The role of wet deposition is
found to be insignificant, for gaseous atrazine at any rate. If there are windblown losses,
the situation will probably be different. Both the concentration and the deposition rate
decrease rapidly with distance from the source: at 500 m, the values are 40-120 x 10"12
g/m3 and approx. 0.1 g/ha.year, respectively.
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MCPA
The concentration of MCPA around the field perimeter is in the order of 0.1
ng/m3, while maximum deposition is several tenths of grams per hectare per year. At 500
m distance, the concentration drops to about 0.01 ng/m3 and dry deposition to about 10
mg/ha.year. Here too, wet deposition is negligible compared with dry deposition. This
can be seen in Figures 5.2 a, b and c.
Captan
Because treatment is repeated 10 times, deposition of captan will be spread more
in time than with atrazine or MCPA. For this compound, the picture of concentration and
deposition will thus be less distorted than for the other three compounds under review.
However, there is still the basic question of how impact is influenced by the spread in
emissions. We find a deposition rate of 3-30 g/ha.year in the field itself, decreasing
rapidly to several tenths of grams at 500 m distance. The details are shown in Figure 5.3.
Metam sodium
The levels calculated for metam sodium are of a different order of magnitude from
those for the two herbicides and fungicide, because of the far higher dose involved (150
kg/ha, single application) and the compound's high volatilization rate (50%). Above the
plot, the concentration is calculated to be 0.7 /ig/m' and deposition 0.1-0.9 kg/ha.year. At
500 m distance, these values drop to 0.001-0.005 ftg/m* and 2-6 g/ha.year, respectively,
as can be seen from Figure 5.4. The data are expressed as methylisothiocyanate (MITC):
150 kg of metam sodium is equivalent to 85 kg of MTTC.
Figure 5.1 Mean annual concentration and deposition of atrazine on and around a
100x100 m maize plot at a dose of 0.75 kg/y a.i. Grid scale: 100 m. No.
of grid cells 11x11. Upper left coordinate: -500, 500 m
a: Concentration (10~2 ng/m3)
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b: Dry deposition {Iff2 g/ha.y)
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Figure 5.2 Mean annual concentration and deposition of MCPA on and around a
100x100 m cereal plot at a dose of 1 kg/y a.i. Grid scale: 100 m. No. of
grid cells 11x11. Upper left coordinate: -500, 500 m
a: Concentration (10"J ng/m3)
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b: Dry deposition (1CT2 g/ha.y)
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c: Wet deposition (Ifr2 g/ha.y)
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Figure 5.3 Mean annual concentration and deposition of captan on and around a
100x100 m fruit plot at a dose of 2.25 kg/y a,i. (10 x 0.2\25 kg). Grid
scale: 100 m. No. of grid cells 11x11. Upper left coordinate: -500, 500 m
a: Concentration (10~' ng/m3)
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b: Dry deposition (Ifr1 g/ha.y)
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Figure 5.4 Mean annual concentration and deposition of MTTC (methylisothiocyanate)
on and around a 100x100 m potato plot at a metam sodium dose of 150
kg/y a.i. Grid scale: 100 m. No. of grid cells 11x11. Upper left
coordinate: -500, 500 m
a: Concentration (ng/m3)
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b: Dry deposition (g/ha.y)
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c: Wet déposition (g/ha.y)
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5.4.3 Comparison of annual means and peak values
In this paragraph, we compare the peak values calculated in Section 5.3 with the mean
annual levels. As is to be anticipated, the former are substantially higher, as appears from
the following tables: Tables 5.6, 5.7 and 5.8. In Table 5.6, the two sets of concentrations
are compared for atrazine, MCPA and captan; Table 5.7 covers deposition. Table 5.8 is
devoted entirely to metam sodium, since calculations for this compound have been made
for the first day and the first week.
Table 5.6 Peak and mean annual concentration (ng/m3) of atrazine, MCPA and captan
at various distances from a 100x100 m treated plot
Distance
50 m
150 n
250 m
350 n
450 m
900 m
Atrazine
Peak Annual
184
84
50
32
22
e
0.75
0.20
0.09
0.05
0.04
-
MCPA
Peak Annual
28.8
13.0
7.7
4.8
3.3
1.2
0.28
0.08
0.04
0.02
0.01
-
Captan
Peak Annual
10100 3.6
4900 0.9
2700 0.4
1700 0.3
1200 0.2
400
Table 5.7 Peak and mean annual deposition (g/ha.s) of atrazine, MCPA and captan at
various distances from a 100x100 m treated plot
Distance
50 m
150 m
250 m
350 m
450 m
900 m
Atrazine
Feak
*io-*
8300
3800
2300
1400
1100
400
Annual
«10-*
33.5
8.9
4.1
2.5
1.6
-
MCPA
Peak
«10*
1300
590
350
210
150
50
Annual
•10-*
13.0
3.5
1.6
0.9
0.6
-
Captan
Peak
no*
450
220
120
77
54
19
Annual
«IQ-6
1.6
0.4
0.2
0.1
0.1
-
As the tables show, the peak values are indeed higher than the annual means.
However, it can also be seen that the amount by which the two sets of values differ varies
from compound to compound. For MCPA, the difference at 50 m distance is a factor
100, for atrazine a factor 250 and for captan a factor 3000. For MCPA, therefore,
emission will be spread out far more in time than for captan. In the case of captan,
deposition is likely to occur in peaks corresponding with the time of application, while
atrazine and particularly MCPA will probably be emitted and dispersed more evenly. The
difference between the compounds can be explained by their different vapour pressures
(see Appendix 5.1): captan is more volatile than the other two compounds.
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Table 5.8 Deposition of MITC immediately after emission starting point, during first
day, first week and first year
100 a
200 m
300 m
400 m
500 m
1000 m
(g/ha. s)
5.4*10'
3.5*10'
2.S*10J
1.9*10'J
1.4*10J
0.6*10'
(g/ha.d)
92.3
4e. o
28.5
19.6
14.4
6.1
(g/ha.w)
518
253
160
110
81
29
2
(g/ha.w)
3.7
1.4
0.8
0.5
0.4
(g/ha. y)
65
25
13
8
6
-
1
 Same wind direction assumed throughout week, with 'unfavourable' weather
conditions.
3
 Wind direction during week assumed to follow pattern corresponding with
climatology of winter half-year.
Several conclusions can be drawn from Table 5.8:
The figures in Column 2 are of the same order of magnitude as those in Column
5. This would imply that deposition in the period immediately after emission
starting point is comparable in magnitude to that during the entire year. Such
deposition may indeed be similar in nature to a single dose. This depends,
however, on the climatological conditions during the first day being 'unfavourable'
and the wind continually blowing from the same direction.
The figures in Column 3 and 4 indicate that under 'average' climatological
conditions the deposition rate in the first week is far lower than under 'unfavour-
able' conditions. Moreover, comparison of Column 4 with the annual totals show
that they represent only about 5% of annual deposition. The conclusion is then that
emission and deposition will be spread over a far longer period than that immedi-
ately following application. Since MTTC has a long half-life (140 days), this may
mean that the vicinity of a plot treated with metam sodium will remain contami-
nated with MITC for a long time, in terms of both concentrations and deposition
rates. The ratio between the deposition rates on the first day and during the first
week (Columns 2 and 3} point to the same conclusion.
However, these results represent no more than tentative conclusions about the potential
situation.
5.5 Calculation of mean annual concentration and deposition at regional level
5.5.1 General
For each of the four selected compounds, we now calculate dispersal and deposition over
longer distances with reference to one illustrative situation.
(1) For atrazine, we calculate concentration and deposition in the nature reserve De Groote
Peel due to maize cultivation in the surrounding municipalities.
(2) For MCPA, we calculate dispersal to the dunes from winter wheat cultivation in Haar-
lemmermeer Polder.
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(3) For captan, we take the Netherlands' central fruit-growing area, De Betuwe, as the
dispersal source, focusing specifically on concentrations and deposition in and around the
nature reserve De Veluwe.
(4) For metam sodium, finally, we calculate concentration and deposition around the indus-
trial-potato-growing districts of East Groningen and East Drenthe.
For these illustrative regional situations, too, calculations of annual means will not
represent a true picture of reality. However, because the compounds are not applied at one
and the same time throughout the region, but spread over the growing season, the discrep-
ancy will be substantially smaller than in the case of the local field calculations. Moreover,
in this case too, calculations are based on climatological data for the summer half-year,
except for metam sodium, where the basic data for the winter half-year are used. As a long-
term average, the results of the modelling exercise should give a fairly accurate picture,
assuming, of course, accuracy of the basic data input on the compounds and their properties,
and accuracy of the used dispersal model.
Peak concentrations and peak depositions in the source districts in Fig. 5.6, 5.8 and
5.12 are due to a simplification: all emissions are assumed to take place from the centre of
each municipality. This does nog greatly affect the calculated concentrations and depositions
in the receptor areas.
5.5.2 De Groote Peel: atrazine
De Groote Peel is a nature reserve on the border between the provinces of Limburg and
North Brabant. It is a raised peat bog, valuable in terms of nature conservation, but under
serious threat. The main factors contributing to the overall decline of the area are
desiccation, due to draining of the surrounding region, eutrophication and acidification, due
particularly to ammonia emissions from intensive livestock rearing. It is not clear whether
pesticides from the surrounding farmland also play a role.
In the surrounding area, maize is cultivated on a very substantial scale. It is therefore
likely that there is appreciable deposition of atrazine in the nature reserve. For the purposes
of calculations, the following assumptions have been made:
The relevant source areas are the ten municipalities situated round De Groote Peel,
viz. Asten, Someren, Nederweert, Weert, Maarheze, Heeze, Mierîo, Deume, Helden
and Meijel (see Figure 5.5).
In terms of dose, frequency and likelihood of usage, atrazine use is defined according
to Berends (1989).
Maize acreage is taken from CBS agricultural statistics (area per municipality, 1990).
For each municipality, a 5x5 km source area has been taken at the municipality's
centre in which all emissions are assumed to occur.
The calculated emissions of atrazine in De Groote Peel are given in Appendix 5.1,
Section 3.1. The results of the model calculations are shown in Figures 5.6 a and b (concen-
tration and dry deposition; wet deposition was found to be negligible compared with dry
deposition). The central zone in the 40x40 km area is formed by the nature reserve De
Groote Peel. The surrounding source areas are readily recognizable by the higher concentra-
tion and deposition values. The atrazine concentration in the atmosphere above De Groote
Peel is calculated to be 0.12 ng/m3, dry deposition 0.15 g/ha.year.
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Figure 5.5 De Groote Peel and surrounding municipalities
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Figure 5.6 Concentration and deposition of atrazine in a 40 x 40 km area round thé nature reserve
De Groote Peel
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b: dry deposition (10'= g/ha.y)
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5.5.3 Haarlemmermeer Polder and the dunes: MCPA
Haarlemmermeer Polder is an intensive arable farming district where large quantities of
potatoes, beet and cereals are produced. MCPA is used mainly on cereals (winter wheat,
spring wheat, winter barley and spring barley). Of these, winter wheat is by far the most
important crop (approx. 90% of cereal acreage in the polder). Calculation has been based on
uniform distribution of cropped areas throughout the polder. MCPA usage has been specified
according to the assumptions used by Berends (1989). The calculations of the resultant
atmospheric emissions are given in Appendix 5.1, Section 3.2.
Dispersal has been calculated using the OPSMOD dispersal model. In addition to the
results of the concentration calculations, Figure 5,8 also shows the output of the deposition
calculations. As in the case of atrazine, wet deposition was found to be negligible compared
with dry deposition. The main focus was on MCPA deposition in the coastal dune area
located 10-15 km west of the edge of Haarlemmermeer Polder,
Figure 5.7 Haarlemmermeer Polder and its surroundings
The source area in Figures 5.8 a and b is formed by the middle 25 (5x5) grid points-
Moving away from this central zone, concentration and deposition decrease. Nonetheless,
even at a distance of 10-15 km, in the dunes, deposition is still approx. 10-100 mg/ha.year.
In the polder itself, deposition is very much higher: several grams per hectare per year.
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Figure 5.8 Concentration and deposition of MCPA in a 40 x 40 km area round Haarlemmermeer
Polder
a: concentration (10-i ng/»'j
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b! dry deposition (ID1 g/h«.y)
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5.5.4 De Betuwe and De Veluwe: captan
Captan is used mainly in fruit-growing, which, in terms of acreage, is relatively intense in
the De Betuwe district. Moreover, it is a large district, comprising the municipalities of
Resteren, Lienden, Maurik, Buren, Geldermalsen, Neerrijnen, Bentveld, West Maas en
Waal, Dodewaard, Heteren, Valburg and Elst. As with atrazine, calculations are based on
5x5 km source areas situated at the centre of each municipality, in which all fruit-growing
is assumed to take place. Atmospheric emissions are specified in Appendix 5.1, Section 3.3.
In view of the size of the district, a grid scale of 5 km has been taten (compared to 2 km
in previous calculations). The total size of the receptor area is 70x70 km.
Figure 5.9 De Betuwe and surroundings
In calculating concentration and deposition, the main focus was on the nature reserve
De Veluwe and its surroundings. As can be seen from Figure S.lOa, the mean annual captan
concentration several tens of kilometres from the source area has been calculated as 0.03-
0.07 ng/m3. Figure S.lOb shows that deposition in the nature reserve is approx. 0.1
g/ha.year. In the source area itself, these values are a factor 10 higher.
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Figure 5.10 Concentration and deposition of captan in a 80 x 80 km area round the Betuwe fruit-
growing centre
a: concentration (10-2 ng/«!)
2 2
2 3
3 4
4 4
4 6
5 7
6 9
7 11
8 12
7 12
7 11
6 9
5 7
4 5
3 4
3 3
2 3
cells
3
3
4
S
7
10
14
20
26
27
21
12
8
6
5
4
3
3 3
4 4
5 6
7 B
10 12
14 20
2-1 53
347 223
73 SM
. /* .'
t|«p41
43 37
IS 17
10 10
7 7
5 5
4 4
3 3
coordinate
concentration
V
5 5
7 7
9 10
14 14
23 23
4.59 58
« t
«3 390 1
113 483
M :EJ4.
: :79 16
28 23
16 14
10 9
7 7
5 5
4 4
3 3
: B km
: 17x17
: -40, 40
5 5
7 7
10 9
13 12
20 16
31 22
81 : 38
K „D44 104 2
27 22
18 14
12 10
8 7
6 6
5 4
4 4
3 3
kus
5
«
3
10
13
19
4Aa
'i*:-
21
18
12
9
T
5
4
3
3
5 4
6 5
7 6
9 8
12 10
17 13
Jf 23
H PI
" ISf47 118
16 12
10 8
7 6
6 5
5 4
4 3
3 3
3 2
3
4
5
e
7
8
10
12
12
e
6
5
4
4
3
2
2
3
4
4
5
€
6
7
7
7
6
5
4
4
3
3
2
2
3
3
4
4
5
5
5
5
5
5
4
4
3
3
2
2
2
3
3
3
4
4
4
4
4
4
4
3
3
3
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
2
2
2
2
2
: 0.21 ng/m!
grid acale
B=Buren, D=Dodewaard, E+=Echteld, West Haas, Waal, El=Elst, G=Celdermalsen, H=Heteren,
Valburg, K^Kesteren, L=Lienden, H=Kaurik, N=Neerijnen, V=Veluwe
56
b: dry deposition (10: g/ha.y)
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S.5.S Veenkoloniën: metam sodium
Just as the De Betuwe comprises an exceptionally large fruit-growing district, Dutch indus-
trial-potato-growing is concentrated mainly in the east of the provinces of Groningen and
Drenthe, in the Veenkoloniën. Here, consumption of metam sodium is high, in contrast to
other potato-growing districts on heavier soils. The district in question comprises the Gronin-
gen municipalities of Bellingwedde, Vlagtwedde, Stadskanaal, OudePekela, Nieuwe Pekela,
Veendam, Slochteren, Oosterbroek, Muntendam and Hoogezand-Sappemeer and the Drenthe
municipalities of Anloo, Gieten, Gasseite, Borger, Odoorn, Emmen and Smilde.
Figure 5.11 Veenkoloniën source area and surroundings
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Calculation results are shown in Figures S.12 a and b, for the concentration and
deposition of metam sodium in and around the source district. Within the district itself, high
concentrations are found: up to several tenths of pg/m3 (hundreds of ng/m3). In the wide
surroundings too, however, values are still several ^g/m3. The calculated deposition values
are also high. In the source district itself, values are in the range of one kilogram MIT C per
hectare per year. In the surrounding area, annual deposition amounts to several tens of grams
per hectare. It is indeed not unlikely that MITC emission and deposition is several orders of
magnitude higher than for the other compounds, in view of the scale of use (lOOx higher),
the volatile nature of the compound, and the long half-time of MITC.
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Figure 5.12 Concentration and deposition of metam sodium in a 80 x 80 km area round thé Groningen
and Drenthe Veenkoloniën
a: concentration (10-2
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b: dry deposition <10'2 kg/ha,y)
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5.6 Conclusions
These calculations suggest that volatilization may constitute a major pesticide emission route.
This is in line with the conclusions of previous work (for example, by the Task Force on
Emission Reduction). The lack of monitoring data makes it difficult to verify this conclusion,
however, and it is therefore recommended that monitoring campaigns be started. Compound
formulation has been identified as an important factor in emission patterns. Formulated as
a salt, emissions of MCPA are far lower than as active ingredient. This fact may be import-
ant for taking measures to counter compound volatilization.
The peak concentrations and deposition calculations by TNO indicate that, for metam
sodium and captan, high values may sometimes occur at the plot level. For metam sodium,
the concentration 100 m from the field edge may be as high as 10 jig/m3, the result of the
high doses applied and the volatility of the compound. For captan, calculated values are of
the order of 1 jig/m3 at 100 m, i.e. two orders of magnitude higher than for atrazine and
MCPA. This is probably due to the greater volatility of captan. The mean annual concentra-
tions of captan are more in line with levels calculated for the other two compounds. It should
be stressed that in the vicinity of the treated plots, certainly in the first 20-40 metres, deposi-
tion due to spray drift will be far more significant. However, the present study is concerned
solely with assessing the magnitude of losses through volatilization.
In general, it can be concluded that the calculated peak values at the plot level are far
higher than the annual means, for both concentration and deposition. The difference varies
from a factor 100 for MCPA to a factor 3000 for captan. The greater the difference, the
more deposition will be concentrated within the period immediately after application and thus
be comparable with application of a single dose.
The calculations on metam sodium indicate that emission does not decrease substan-
tially during the first week post-treatment, however. Not much more than 5 % of total annual
deposition occurs during this first week. As a result, the surrounding area will be exposed
to MITC contamination for a longer period of time.
Regional dispersal calculations using the OPSMOD dispersal model indicate that high
concentration and deposition levels may occur for some compounds. For metam sodium,
particularly, the model yields high deposition values (kilograms per hectare), a result of the
high dosage and the high volatilization rate. For the other compounds too, however, total
annual deposition rates of the order of hundreds of milligrams per hectare are found a con-
siderable distance from the source area - by no means negligible.
One surprising conclusion is that in all cases dry deposition far exceeds wet deposi-
tion. This implies that measurements of rainwater contamination represent only a limited
fraction of total deposition. The vast majority of deposition would therefore appear to remain
unaccounted for if estimates of atmospheric deposition are based solely on precipitation
measurements.
It should be constantly borne in mind, however, that the results of these calculations
on emission, dispersal and deposition represent no more than a tentative assessment of the
actual situation. They involve many assumptions based not on measurement but on the
properties of the compounds concerned. The nature and magnitude of the uncertainties
involved have been discussed in the preceding sections, as well as the direction in which they
act. In many cases, moreover, local circumstances may deviate to such an extent that practi-
cal values may be of a different order of magnitude. This has obviously not been taken into
account in the model calculations. However, in view of the likely importance of volatilization
as a source of emission it is recommended to intensify research in this field.
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6. ESTIMATED IMPACT
In this chapter we estimate the impact of airborne pesticides on the basis of calculated
deposition data and measured or assumed NOELs. For each of the compounds reviewed,
we first consider first peak deposition and then mean annual deposition rates (Sections 6.1
- 6.4). After a discussion of the results in Section 6.5, a number of conclusions are drawn
at the end of the chapter (Section 6.6).
6.1 Atrazine
6.1.1 Peak deposition
Peak deposition rates have been calculated in Chapter 5. Using these results, in Appendix
6 we have calculated deposition levels at various distances from a plot during the first
seven days post-treatment. For atrazine, the primary mode of action is via root uptake.
For this reason, atrazine deposition has been converted to soil concentration to estimate
the potential impact.
To calculate the soil concentration, it has been assumed that the compound diffuses
through the top 5 cm of soil. For De Groote Peel, an average soil density of 0.45 g/cm2
has been taken (cf. Wôsten et al., 1987); this is also the area for which the estimated
regional-scale impact has been estimated. The calculation was made by first converting
the deposition calculated in Appendix 6, in grams per hectare per day, to deposition per
cm2 (see paragraphs below). Next, this result was divided by 5 to give the concentration
per cm2 of soil. Finally, this result was divided by the soil density to give the quantity of
pesticide per gram dry matter.
In view of the relatively long décomposition half-life of atrazine (50 days), it has
been assumed that the entire quantity deposited during the first week remains present and
is available for soil uptake. On this assumption, after one week the aggregate sum of
deposition during the week is therefore present in the soil.
Table 6.1 Atrazine levels in soil during first seven days post-treatment at distances up
to several hundred metres from plot
Day
1
2
3
4
5
6
7
soil concentration {rag /kg)
50 ni
0.02
0.03
0.03
0.04
0.04
0.05
0.05
100 m
0.01
0.02
0.02
0.03
0.03
0.03
0.03
200 m
0.01
0.01
0.01
0.01
0.02
0.02
0.02
500 m
0.00
0.00
0.01
0.01
0.01
0.01
0.01
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It has also been assumed that only about half the quantity actually ends up in the
soil, with the other half remaining on the vegetation or volatilizing. Due allowance has
thus been made for the filtering action of the vegetation. The value taken is somewhat
arbitrary and is based in part on the assumptions on crop cover made in Chapter 5. In
practice, the actual value will be affected by the density of the vegetation, among other
things, but also by the action of rain, for instance. Table 6.1 shows the calculated soil
levels under these assumptions.
A comparison of the data in Table 6.1 with the NOELs (ECS = 0.02-0.04 mg/kg;
see Chapter 4) shows that the EC5 for dry-weight production is reached after only one day
up to 100 metres from the plot. At 200 metres' distance, this level is found after 5 days,
while at 500 metres, the ECS is not reached at all. Owing to the uncertainties involved in
calculating the deposition and the assumptions mentioned above, however, these results
provide no more than a rough indication of the anticipated impact.
6.1.2 Mean annual deposition
The calculations of mean annual deposition at the regional scale indicate that, in the De
Groote Peel region, the use of atrazine in maize cultivation results in a deposition rate of
max. 0.15 g/ha.y. Conversion of deposition per hectare to concentration in the soil (see
Section 6.1.1) gives a value of 0.7 jig/kg atrazine in the soil (air-dried) of De Groote
Peel.
This calculation does not yet make allowance for post-deposition decomposition,
however. Atrazine has a relatively long decomposition half-life (50 days). Application
will take place during approximately the same period in the various municipalities and on
the various maize plots; it has therefore been assumed the total quantity found will sail be
present in the soil at a given time post-treatment.
A comparison of this soil concentration with the EC-values found shows that it is a
factor 30 to 40 below the EC5. However, it should be remembered that there are
uncertainties involved, both in the deposition calculations and in the NOELs, and that
these are of about the same magnitude as these factors.
6.2 MCPA
6.2.1 Peak deposition
The primary mode of action of MCPA is via foliar absorption. Consequently, it is
unnecessary to convert the deposition rates calculated in Appendix 6 to soil concentra-
tions. The NOEL is also available in terms of grams per hectare. The decomposition half-
life of MCPA is 15 days and so it has been assumed that decomposition may already play
a role in the first week post-treatment; at the same time, some MCPA will volatilize. It
has therefore been assumed that only half the quantity sprayed is absorbed. Table 6.2
shows the calculated exposure levels under these assumptions.
A comparison of the data in Table 6.2 with the NOELs (EC3 = 0.25-33 g/ha; see
Chapter 4) shows that the EC5 for any detectable effect is exceeded only at 50 metres'
distance from the plot, six days post-treatment. The NOEL for dry-matter production is
not exceeded.
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Table 6.2 Calculated exposure of vegetation to MCPA during first seven days post-
treatment at distances up to several hundred metres from plot (rounded to
whole mg).
Day
1
2
3
4
5
6
7
vegetation exposure (mg/ha)
50 m
52
99
142
182
219
253
284
100 in
34
65
93
119
143
165
186
200 m
17
33
48
61
74
85
96
500 HI
5
10
14
18
22
25
28
6.2.2 Mean annual deposition
The calculations indicate that the anticipated deposition of MCPA in the dunes from
application in the Haarlemmermeer Polder amounts to 0.01-0.1 g/ha.y. In the Haarlem-
mermeer Polder itself, deposition is estimated at several grams per hectare per year.
However, this figure does not allow for decomposition following deposition. In view of
the decomposition half-life of 15 days, though, it seems unlikely that the total quantity of
MCPA applied will be present on the vegetation at the same time. If it is assumed,
however, that the compound is applied within the relatively limited period of two months,
an estimate can be made of the quantity of MCPA actually present. Based on a rough
calculation, it is assumed that at the end of these two months approximately one quarter
of the MCPA deposited on the vegetation will still be present, with the rest disappearing
through decomposition and volatilization. For this calculation, we subdivided the 60-day
period into four 15-day periods, in each of which half the quantity applied decomposes.
Summation of the four residual quantities after 60 days gives about one quarter of the
total amount deposited. In addition, the compound has a long volatilization half-life (57
days), so that within these two months not all MCPA will have volatilized, but only half.
Based on these assumptions, the maximum quantity present is estimated to be 1.2-12
mg/ha.
For the most sensitive plant species, a NOEL of 0.25 g/ha has been reported. This
means that the NOEL is not exceeded. However, we must emphasize that the uncer-
tainties are of the same magnitude, as was the case with atrazin. In the polder itself,
deposition is higher; based on the calculation methods and assumptions employed here,
including their margins of uncertainty, it is therefore anticipated that plants in the
Haarlemmermeer Polder itself will be affected.
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6.3 Captan
6.3.1 Peak deposition
The main mode of action of captan is via direct uptake by epiphytic target moulds.
Quantitative data have been reported for the effects of low doses on non-target leaf
yeasts. Captan has a short volatilization half-life (42 minutes). Deposition has therefore
been calculated for the first 70 minutes, assuming that in this period decomposition (half-
life 3 days) does not yet play a significant role. Because of the short evaporation half-life,
it is assumed that only half the quantity applied is absorbed by the non-target moulds,
with the other half being lost through volatilization. Table 6.3 shows the estimated
exposure on the basis of these assumptions.
Table 6.3 Calculated exposure to captan during first 70 minutes post-treatment at
distances up to several hundred metres from plot
Hins.
10
20
30
40
SO
60
70
exposure moulds (g/ha)
SO n
1.52
2.71
3.65
4.38
4.97
5.42
5.78
100 m
0.99
1.77
2.38
2.86
3.24
3.74
3.97
200 m
0.51
0.91
1.22
1.78
1.97
2.02
2.13
500 m
0.15
0.27
0.36
0.44
0.50
0.54
0.58
In Chapter 4, the levels at which captan has been found to have an impact are
discussed. For leaf yeasts, a NOEL of 0.36-22.5 g/ha has been reported. Based on this
range of values, the compound can be expected to have an impact on the most sensitive
leaf yeasts at all distances.
Following the procedure of Section 6.1.1, the calculated deposition rates can be
converted to soil concentrations; the results are shown in Table 6.4. However, it should
be stressed that the likelihood of the compound actually reaching the soil during the 70-
minute period is small. Only under extreme weather conditions, such as rain after 70
minutes, will this in fact occur. Otherwise, much of the compound will volatilize. Data
on a NOEL for the soil have not been found (see Chapter 4). We have estimated a NOEL
analogous to that for atrazine, however: 0.046 mg/kg. This means that the NOEL for soil
moulds is exceeded up to 500 m away from the plot. However, in view of the above
remark on soil concentrations and the margins of uncertainty in estimating the NOEL,
these results should not be taken as providing more than a rough indication of the actual
situation.
Table 6.4 Levels of captan in soil during first 70 minutes post-treatment at distances
up to several hundred metres from plot
Hins.
10
20
30
40
SO
60
70
50 m
0.21
0.38
0.51
0.61
0.70
0.76
0.81
100 m
0.14
0.25
0.33
0.40
0.45
0.52
0.55
200 m
0.07
0.13
0.17
0.25
0.28
0.28
0.30
500 m
0.02
0.04
0.05
0.06
0.07
0.07
o.oa
6.3.2 Mean annual deposition
The deposition calculations show that the deposition on De Veluwe resulting from the use
of captan in De Betuwe amounts to approx. 0.1 g/ha.y. This value can be converted to a
soil concentration, as indicated in Section 6.1,1. In this case, we have assumed a sandy
soil appropriate for De Veluwe with a density of approx. 1.5 g/cm3 (cf. Wôsten et al.,
1987). This calculation yields a soil concentration of 0.13 fig/kg dry matter. In Chapter 4,
we estimated a NOEL of 0.046 mg/kg and the NOEL is therefore not exceeded.
In this deposition calculation, moreover, no allowance has been made for decom-
position following deposition. In view of the short half-life of the compound (3 days) and
the fact that the deposition calculation is based on ten applications in the course of a year,
it in unlikely that deposition of 0.1 g/ha.y will in fact lead to an actual level of 0.1 gram
per ha. It is to be anticipated that at most only a small fraction of this quantity will be
present. Alongside the previous conclusion, the relatively rapid decomposition rate makes
it unlikely that captan use has any impact on soil fungi.
6.4 Metam sodium
6.4.1 Peak deposition
For metam sodium, TNO also ran daily peak emission calculations for the decomposition
product MITC. The resultant deposition rates are reported in Table 5.5. Table 6.5 shows
the potential soil concentrations resulting from these rates, assuming once more that 50%
of the deposited compound eventually finds its way into the top 5 cm of soil (cf. Section
6.1.1). As soil density value we have taken 1.3 g/cm3, appropriate for soils in the
Veenkoloniën. In view of the relatively long half-life of MITC (WO days), only negligible
decomposition is assumed during the first week post-treatment.
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Table 6.5 Concentration of MTTC in soil one day and one week post-treatment up to
500 m from treated plot
1st day
1st week
soil concentration (mg/kg)
100 m
0.07
0.40
200 tu
0.04
0.20
500 m
0.01
0.06
The only level at which effects have been reported is 8 ppm MITC, in other words
8 mg/kg. The soil concentrations found are at least a factor 20 below this value. The
NOEL calculated analogously to that for atrazine is 0.325 mg/kg. On the basis of this
value, the NOEL would be exceeded after one week 100 m away from the plot. In view
of the uncertainties involved, this provides no more than an indication that effects might
occur; at any rate, these results certainly do not rule out the occurrence of effects.
6.4.2 Mean annual deposition
Away from the target area, deposition amounts to several tens of grams per hectare per
year. Within the target area, deposition may be as high as several hundred grams per
hectare per year. Converting this rate to a soil concentration, analogously with atrazine,
gives a value of several hundreds fig/kg soil. The only value found for effects on
mycorrhiza fungi is 8 mg/kg MITC. In view of the relatively long half-life of MITC (140
days) and the fact that the compound is applied during a limited period only, it may
reasonably be assumed that the total quantity deposited also ends up in the soil (assuming
again, of course, that 50% is intercepted by the vegetation). Proceeding from the
estimated NOEL of 0.325 mg/kg, in this case the NOEL is reached. On the basis of these
results, MITC could have an impact on non-target mycorrhiza fungi in the Veenkoloniën.
6.5 Discussion
There is a measure of uncertainty in the results presented in this chapter. There are
several reasons for this:
As indicated in Chapter 5, there are several areas of uncertainty in the deposition
calculations. Anomalous local conditions, particularly, may seriously affect the
validity of results, leading to either higher or lower deposition values in actual
practice.
Data on effects at low levels with which to calculate NOELs have not been found
for all the compounds. In such cases, it has been assumed that the NOEL is a
factor 1000 below the practical dose, as is the case with atrazine. However, this
constitutes no more than a very rough approximation of the NOEL.
A third area of uncertainty is actual exposure. In this chapter, we have endeav-
oured to estimate exposure as realistically as possible, by allowing for post-
deposition decomposition and for interception by vegetation, for example. How-
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ever, under certain (meteorological) conditions, percentage interception may well
be greater or smaller; in the case of rain, for instance, the compound may be
flushed off leaves and onto the soil. It may also be queried whether a compound,
once in the soil, is also actually biologically available. As a provisional step, we
have assumed that the compounds involved are active via the soil, so that the
properties are probably such that the compounds are available for at least some
length of time.
These considerations mean that the results found represent no more than a rough
indication of the anticipated impact. A difference of a factor three, say, between the
calculated exposure and the NOEL does still not therefore allow for any firm conclusion
on the occurrence of effects. Since exposure levels in many cases He close to the NOEL,
effects can certainly not be ruled out. Further (field) studies (including measurements) are
therefore needed to investigate the actual occurrence of such effects.
Since NOELs for aquatic organisms are available, a calculation has been made of
the concentrations in surface water. On plot level the concentrations at the shortest
distance from the plot have been chosen, since in the Netherlands the ditches very often
border on the plots. A 'standard' ditch is chosen with a mean depth of 25 cm. The results
of this calculation are presented in Table 6.6.
Table 6.6 Concentration of the four pesticides in surface water
plot level
regional level
concentration in surface water (ji;g/13
atrazine
0.8
0.06
MCPA
0.05-0.005
0.01
captan
0.4
0.23
MITC
400-40
21
Comparing the concentrations summarized in Table 6.6 to the NOELs summarized in
Table 4.5, the following conclusions can be drawn:
For atrazin, the concentrations calculated for the plot level are about half the
NOEL for algae. So, with the many uncertainties in mind, an effect on the growth
of algae cannot be excluded. The concentrations calculated for the regional level
are about a twentieth part of the NOEL.
In the case of MCPA the NOELs are at least 10,000 times the concentrations
found. Effects on the organisms studied are not to be expected.
For captan the highest concentration is about 1/2500 of the lowest NOEL for
algae. So, in this case effects on algae are not to be expected.
For metam sodium (MITC) no data about effects on aquatic organisms are
available. Relatively high concentrations in surface-water are found. Therefore it
would be useful if data about aquatic organisms be added to the registration
reports.
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6.6 Conclusions
Because of the uncertainties involved in calculating the deposition rates and the NOELs,
comparison of these two data sets likewise involves a considerable margin of uncertainty.
Nevertheless, it is still possible to draw conclusions as to where potential effects are to be
anticipated; for all compounds reviewed, effects are to be anticipated close (up to 500 m)
to the treated plot.
With atrazine, in particular, the NOEL is exceeded close to the plot. At the
regional level, the compound is less likely to have an impact on the vegetation of De
Groote Peel; the deposition level found is below the NOEL. However, because of the
uncertainties in the calculations of deposition and the NOELs used, effects cannot be
ruled out.
In the vicinity of the treated plot, the use of MCPA will not have any appreciable
impact. However, calculations of effects at the regional level indicate that the possibility
of impact on sensitive plant species in the dunes to the west of Haarlemmermeer Polder
cannot be excluded.
Captan is likely to have an impact on non-target leaf moulds, especially in the
vicinity of the treated plot. At the regional level, such effects are not anticipated. The
compound is only likely to have an impact on mycorrhiza fungi close to the plot. Effects
at greater distances appear unlikely, both because of the low deposition relative to the
NOEL and the comparatively short half-life of captan.
Metam sodium appears to have an impact on mycorrhiza fungi in the Veenko-
loniën. The high levels found are due to the high volatility and long half-life of the
decomposition product MITC, which is responsible for the toxic effect of this pesticide.
In the aquatic environment, for atrazine effects on algae cannot be excluded. The
concentrations for MCPA and captan are much lower then the NOELs, so effects on algae
are not to be expected. In the case of metam sodium relatively high concentrations in
surface water have been detected; however, no data are available about the effects on
aquatic organisms.
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7. DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS
In this Chapter, the results of our study are discussed (§ 7.1), the conclusions of the study
are reported on (§ 7.2) and some recommendations are presented (§ 7.3). In the dis-
cussion, results are also extrapolated to the national scale in the Netherlands.
7.1 Discussion
In this chapter we return explicitly to the main problem considered in this study, as
formulated in Chapter 1:
Does atmospheric dispersal of commonly used agricultural
pesticides and subsequent deposition away from the target
area have side-effects on fungi and/or vascular plants? If
so, what is the nature and magnitude of these side-
effects?
A first attempt to answer this question was made on the basis of existing data
(Chapter 2). On the one hand, the results of that chapter indicate that pesticides are to be
found in the atmosphere as well as in deposition. On the other hand, it appears reasonable
to assume that low pesticide levels can have an impact. However, we were unable to find
any concrete field studies on the effects of pesticides dispersed by means of volatilization.
The main focus of existing research is on side-effects within target areas and on
neighbouring crops. Consequently, little is known about effects on the wild flora. Of
course, data is available on the intentional effects of practical doses on the target flora
(field weeds), and these weeds also belong to the wild flora. With respect to fungi,
existing research focuses mainly on side-effects on mycorrhiza fungi growing in symbiosis
with the crop. During interviews, a number of specialists stated that they expect volatil-
ized pesticides to have little observable impact on vascular plants outside the target area.
At the same time, though, these scientists admitted that such estimates are not based on
research results. For fungi, too, the specialists stated that no research is conducted in this
field; they certainly do not exclude the possibility of effects, however.
The result of Chapter 2 - and the answer to question formulated as sub-problem
1 - is that the available database is inadequate for predicting whether airborne pesticides
have an impact on fungi and vascular plants in the Netherlands.
Next, therefore, sub-problem 2 was formulated to investigate whether such a
prediction can be made by calculating deposition rates and comparing the results with
calculated or estimated NOELs. To this end, a selection was first made from among a
number of widely used pesticides, based, among other criteria, on the likelihood of the
compound becoming airborne and the likelihood of side-effects occurring. Pragmatic
considerations were also taken into account, viz. the availability of relevant data. This
selection yielded four pesticides: atrazine, MCPA, captan and metam sodium. For these
four compounds, an as detailed as possible estimate was then made of post-application
short- and long-range dispersal due to volatilization and the potential impact of such
dispersal.
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As far as potential impact is concerned, it was established that very few field data
are available on the side-effects of low pesticide concentrations. Estimates are therefore
often based on laboratory data. Translating these results to the field situation introduces
uncertainties. In the laboratory tests, a single dose is applied. In the field, a lower dose is
usually taken, but exposure is longer. The implications of this difference for results is
unclear. In addition, there is considerable variation in the field; the organisms are found
under varying conditions, rendering them more or less sensitive. In the field setting,
moreover, a variety of other stress factors are at work, not only other pesticides, but also
the influence of e.g. eutrophication, acidification and dessication, each of which may
reinforce effects.
The results of the emission calculations as well as the dispersal and deposition
calculations can do no more than form a basis for tentative conclusions. These calcula-
tions proceed from a variety of assumptions based not on measurement but on physical
properties. In many cases, local conditions deviate to such an extent that results may be
of a different order of magnitude. There is also a measure of uncertainty involved in
calculating ultimate exposure. Following deposition, a proportion of the applied com-
pound will volatilize, decompose or be washed away. On the other hand, it is also
conceivable that a deposited compound will be immediately absorbed by a plant, or that
the compound will be taken up in a thinner layer of soil, resulting in a higher concentra-
tion. There is also the question of whether a compound, once in the soil, is actually
biologically available; is there actual exposure and, if so, how much? Based on the mode
of action of the compounds concerned (active via the soil), it is reasonable to assume that
their properties are such that they remain available for at least some period of time.
In view of all these uncertainties, the comparison of NOELs with deposition levels
should also be approached with caution and seen merely as providing a rough indication
of the likely situation. Above all, the results of such a calculation are a useful springboard
for further study. The exposure levels found are often of the same order of magnitude as
the available NOELs, however. In view of the margins of uncertainty, this gives no cause
for complacency. Pesticide standards are based on a safety margin, with standards a set
factor 10 or 100 below the NOEL, for example. If such safety margins were to be used in
the situations studied, these standards would probably often be exceeded.
The NOEL is based on 'any observable effect'. It may be queried whether such a
level will, in the longer term, have an impact on species composition, say, or on the
abundance of individual species. Marrs et al. (1991a), for instance, found that plants
initially severely affected had recovered completely by the end of the season. However, a
more recent study of Marrs et al. (1991b) dealt with potted plants subject to competition
from other species. In their microcosm experiments they found that the drift of a
herbicide may affect the fecundity of some species and consequently the competitive
balance between species. So it is certainly conceivable that compounds designed to
control certain plant groups (dicotyledons, for example) may have a long-term impact.
Acidification research in the Netherlands, for instance, has demonstrated that decreased or
increased abundance of certain plant groups may have a major impact, for example
increased grass coverage on heathland (Werkgroep Heidebehoud & Heidebeheer, 1988).
Pesticides might also have a similar impact on vegetations in which competition prevents
affected plants from recovering.
In the case of fungi, the pesticides reviewed were found to have a major impact
within the target area. However, this as frequently followed by complete recovery. With
fungi too, however, it is conceivable that shifts may occur in species composition,
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eventually having a detrimental impact on the ecological function of the fungi community
in the ecosystem. Strong evidence has been found for captan having an impact on leaf
moulds. However, it is difficult to assess the ecological significance of this impact.
In Appendix 7, the results of this study have been tentatively extrapolated to the
national (Dutch) situation. It can be concluded that in large areas of the country, airborne
dispersal of the four compounds reviewed from their respective major crops of application
and subsequent deposition leads to the NOELs for fungi and vascular plants being
exceeded. In view of the uncertainties involved, it must be restated, of course, that this
conclusion should be treated with due caution. On the other hand, approximately 20% of
the total land mass of the Netherlands is used for arable farming, and a large number of
pesticides are in use on this land. Within cultivated plots, NOELs are certainly exceeded.
If such is also the case away from the plots, then NOELs for fungi and vascular plants
are being exceeded in large areas of the Netherlands.
7.2 Conclusions
In the context of pesticide use in the Netherlands and the indications of potential impact
found, the general conclusion can be drawn that side-effects on fungi and vascular plants
are to be anticipated on fungi and vascular plants growing away from target areas. These
side-effects are primarily to be anticipated close to sprayed plots and will generally be
visible in the form of stunted plant and fungus growth; in some cases, however, there
may also be growth anomalies. Even at greater distances from target plots, effects may
occur, particularly with compounds that are slow to decompose.
Set off against total arable acreage in the Netherlands, short-range effects will still
impinge upon a relatively large area (see Appendix 7).
Existing studies and measurements
Ultimately, the available data were found to be unsuitable for predicting whether
airborne pesticides are likely to have any side-effects on fungi and vascular plants in the
Netherlands. No field studies were found on the impact of compound volatilization on
natural vegetations or fungi.
Measurement has demonstrated that pesticides are present in rainwater in the
Netherlands. Only a small number of compounds have been studied. Based on the
available results, however, it is likely that other pesticides are also present in the
atmosphere and consequently also in deposition.
Laboratory studies have shown that plants may be affected by low herbicide
concentrations, down to as low as 0.1 % of the recommended dose.
The results of studies on the impact on mycorrhiza fungi are diverse and complex
and cannot be used to draw unequivocal conclusions. Low-level effects on soil and leaf
fungi have been demonstrated, however.
High-risk compounds
Based on their properties, of the compounds in most widespread use in the
Netherlands, atrazine, MCPA, captan and metam sodium appear to present the greatest
risk in terms of aerial dispersal and potential impact on fungi and vascular plants.
However, there was insufficient data available on other widely used compounds to make a
complete appraisal.
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NOELs
There is very little field data available on the effects of low pesticide levels on
fungi and vascular plants. Nevertheless, in combination with the results of laboratory
studies, these data could be used to estimate the NOELs for three of the four illustrative
compounds under review (atrazine, MCPA and captan). Only for MCPA, some field data
were found on the impact of low concentrations due to spray drift. For captan, a NOEL
could only be found for effects on leaf moulds; a NOEL for effects on soil fungi could
not be derived directly from literature data.
For captan and metam sodium, it was not possible to derive a NOEL from the
available data; it was possible to establish a level at which effects are likely to occur,
however. This level can at any rate be compared with the calculated exposure. Addi-
tionally, a NOEL could be estimated for captan and metam sodium, an exercise in which
an analogy with atrazine was found, for which there is a NOEL available.
In addition, the environmental data of the pesticide registration reports have been
studied. No data for terrestrial fungi or vascular plants have been found. NOELs were
found for algae and other aquatic organisms for atrazin, captan and MCPA, but not for
metam sodium.
Emission, dispersal and deposition
Emission calculations show that volatilization might be a major source of pesticide
emissions. Dispersal calculations indicate that high concentrations and deposition rates
may occur. For metam sodium, particularly, the computer model yielded high deposition
rates, a result of the high doses used and the compound's high volatilization rate. For
captan, too, high values were found, due to the high frequency of application, among
other factors.
Dry deposition is far more significant than wet deposition. This means that
measurements of compounds in rainwater represent a mere fraction of total deposition.
Most deposition remains undetected if estimates of atmospheric deposition are based
solely on precipitation data.
Effects
In view of the uncertainties involved in estimating effects, the reported results
should be seen as providing no more than a rough indication of the actual situation. The
results of the peak deposition calculations indicate that the four illustrative compounds are
likely to have side-effects close to field perimeters. This implies a potential impact on
sensitive species on and around arable farmland. Indications of short-range impact are
most conclusive for atrazine and metam sodium.
The likelihood of long-range impact is determined primarily by the decomposition
rate of the compound in question. In principle, compounds that are slow to volatilize may
also give rise to high deposition rates, provided their decomposition rate is not too high.
This implies that the levels occurring in nature areas may be high enough to have an
impact. The compound most likely to have an impact is metam sodium, in the Veen-
koloniën. Side effects of atrazine in the Groote Peel and of MCPA in the dunes west of
Haarlemmermeerpolder cannot be excluded on the basis of the results.
In the aquatic environment, effects on algae could not be excluded as a result of
the use of atrazin.
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7.3 Recommendations
This study indicates that pesticide use in the Netherlands is likely to lead to the NOELs
for fungi and vascular plants being exceeded over large areas of the country. At the same
time, it should be borne in mind that the methods employed still involve many uncer-
tainties. At the present time, though, there was no other, more accurate way to answer
key questions of this study. Our recommendations are therefore directed mainly towards
removing the uncertainties identified above.
NOELs
There is only sparse information available on the impact of low pesticide levels on
fungi and vascular plants. The NOELs found are based on only a few data, mostly from
laboratory studies. In order to predict field effects with greater accuracy, more research
should be carried out on the effects of low levels, in the form of standardized laboratory
tests, for example. Straathof (1986) has done some preliminary work on establishing a
more direct approach to assessing the effects of pesticide volatilization. His study focused
on developing a laboratory method for demonstrating the impact of volatilization on
plants.
Once NOELs have been established on the basis of laboratory tests, the next step
is to translate the results to the field situation. One bottleneck here is the fact that studies
generally focus on single species, excluding the role of competition. In such studies,
therefore, the impact on natural vegetations is virtually impossible to predict. For drawing
useful conclusions, experiments with (semi-)natural vegetations appear to be indispens-
able, for example vegetations consisting of both monocotyledons and dicotyledons. By
exposing such a vegetation to a low concentration of a compound designed to control one
of these groups, insight can be gained into the potential impact. Pestemer et al. (1987)
also report that toxicological research should focus far more on establishing NOELs and
exposure times rather than EC» values. After all, in practice non-target plants are often
exposed to low concentrations for a longer period of time.
Because of the relative high concentrations of metam sodium in surface water, it
would be useful to compare these concentrations to NOELs for aquatic organisms. Thus,
it would be advisable to include tests on aquatic organisms in the pesticide registration
procedure.
Dispersal and deposition
Neither of the models operated by RIVM and TNO have been validated in the
field. Validation would certainly reduce the attendant uncertainties. A desk study on the
scope for improving the weak points also seems to offer sufficient perspective for
reducing uncertainties (see Appendix 6 and Chapter 5). In point of fact, the RIVM model
is not really suitable for pesticides, because it does not allow for decreasing source
strength. Addition of an appropriate module would greatly improve the usefulness of this
model for assessing pesticide dispersal. It is also recommended to incorporate post-
deposition decomposition into the model.
The calculations show that, in quantitative terms, dry deposition is far more
significant than wet deposition. It therefore seems desirable to extend measurements of
pesticide deposition to specifically include dry deposition. One problem in this context is
that the concentrations involved are extremely low. It is therefore essential to develop
sensitive methods for measuring dry deposition. Such methods must then be employed
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practically within the framework of a 'dry deposition' monitoring network, if only to
investigate the (in)correctness of the deposition calculations.
Effects
AU the aforementioned aspects relate mainly to validation of individual elements in
the model calculations. If the recommended steps are taken, the probability of effects
occurring can be predicted with greater accuracy. Whether effects do in fact occur at all
can also be investigated directly in the field, however. One approach would be to position
sensitive plants and fungi at various distances from a treated plot, on different sides
relative to the wind. For the compound applied to the plot there should of course be
indications that aerial dispersal may indeed lead to side-effects.
Case study
On the basis of the reported results, it is recommended to perform an extensive
case study. In view of the NOEL and deposition values found, the most useful case study
would appear to be on the effects of atrazine in De Groote Peel. However, it seems likely
that tight restrictions are to be imposed on the use of atrazine and choice of another
compound is therefore more appropriate. One suggestion for a case study is DNOC, a
compound that is being used more and more frequently. Besides emission and deposition
calculations based on actual practical data, such a study should also comprise emission
and deposition measurements. In addition, apart from bioassays with (target and non-
target) wild flora, the efficacy and side-effects with respect to other cultivated crops
should also be investigated in the field. A study of this scope should have a duration of
three to four years.
Other recommendations
In this study, we opted to study four illustrative compounds. It would obviously be
useful to undertake a similar investigation of other pesticides, focusing particularly on
compounds presently coming into wider use (such as DNOC). In the context of approval
procedures for new pesticides, greater emphasis should also be placed on atmospheric
dispersal. In the case of herbicides, fungicides and soil fumigants, volatilization consti-
tutes a relatively important emission route. It appears worthwhile to investigate insecti-
cides, too. Although these compounds are used in far smaller quantities, they are
extremely toxic and side-effects on fauna cannot be ruled out a priori.
In pesticide approval procedures today, alongside efficacy testing, a growing
emphasis is being placed on ensuring that side-effects are kept to a minimum. In this
context, it is recommended to focus more explicitly on the consequences of aerial
dispersion. In Germany, for example, a guideline exists for estimating dispersion by this
route (Anonymous, 1990). It comprises three steps: first the risks are assessed on the
basis of the compound's physico-chemical properties and its decomposition behaviour in
water. If there appears to be a risk, the volatilization rate from the soil or leaf surface is
then determined, either in the field or the laboratory. If the rate exceeds a certain value,
the compound's decomposition behaviour in air is evaluated. Using these data, an overall
assessment is then made of the risk of aerial dispersion.
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APPENDIX S.l Pesticide volatilization
1. Emission model
1.1 Introduction
The National Institute of Applied Scientific Research, TNO,
has developed a method for calculating pesticide
volatilization (Huygen et al., 1986). Proceeding from the
basic assumption that only compound left on the crop evapora-
tes, the model is designed to calculate the evaporative flux
in the period immediately following treatment. It is therefore
suitable for computing peak concentrations and deposition
rates. For calculating the total mass of compound evaporating
in the course of a year, the model must be extended to include
compound degradation. For further specification of basic
assumptions, the reader is referred to Huygen et al. (1986).
1.2 Instantaneous evaporative flux
Huygen et al. give the following formula for calculating the
initial evaporative flux, i.e. the maximum value occurring
immediately after compound application:
- dm , 3 Bip F in kmol.»'2.s"' (1)
dt 2 RO C0
where :
m,) = [dose] * [fraction on crop] in kmol.m'2
F = evaporation density (see Formula 2) in kmol.m^ .s"1
RO = droplet radius in m (set at a standard 0.2 nun in all
calculations)
C0 = compound concentration in spray solution in kmol.ra'3.
F, the evaporation density, can be calculated as:
F = D P , / R T 1 in kmol.nr2.sj (2)
where :
D = diffusion coefficient in m2.s'' (see Formula 3)
Pv = vapour pressure in Pa
R = gas constant =8.3 J/mol.K (= 8300 J/kmol.K)
T = temperature in K (set at a standard 293 K in all calcu
lations)
1 = laminar thickness (set at a standard 0.03 mm in all
calculations).
D, finally, can be calculated as:
D = 8.8 * 10' * (RT/M)2" in m2.s-' (3)
where :
R = gas constant (see above)
T = temperature in K
M = molecular weight in kg/kmol.
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The initial evaporative flux calculated according to
these formulae represents a maximum value and can be used to
determine peak concentrations and deposition rates.
1.3 Annual evaporative losses
The quantity of a compound evaporating per year (in
kg/ ha. year) depends on:
1. the dose applied each treatment
2 . the number of treatments per year
3 . the fraction of the dose that evaporates .
1 . & 2. Data on dosage and frequency are available in various
manuals.
3 . The evaporative flux calculated for instantaneous loss can
also be taken to calculate annual evaporative losses. From
these data, a characteristic evaporation time Q can be derived
as:
8 = [2 C0 (x,)"3 R,,] / F in s (4)
where :
c0 = compound concentration in solution in kmol.m"3
Xi = fractional molecular weight of active ingredient in
undiluted compound (= 1 if c0 is expressed in terms of
active ingredient)
RO = droplet radius in m (0.2 mm; see above)
F = evaporation density (see Formula 2) .
This time 6 is the time eventually taken for all the
compound (i.e. on the crop rather than the soil) to evaporate.
For calculating the mass of compound BJ still present on the
crop at a given time, Huygens et al. give the following for-
mula:
m, = mo (1 - t/8)3 (5)
where :
m, = mass of compound initially present on crop
t = time elapsed.
If t = 6, then m^ = 0. However, this does not imply that
the total quantity eventually evaporating is equal to mo, as
might be supposed. A proportion of the compound will not be
lost through evaporation but through degradation. Considering
the degradation pathway only, the remaining mass raj can be
calculated as:
m, = mo * 2 - - (6)
where TQ 5 is the half-life of the compound.
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The combined effect of degradation and evaporation can be
expressed as:
»i+j - "o * 2"t/T0-5 * (1 - t/e)3 (7)
Now, the entire mass has still disappeared at time 9, but
through the combined effect.
It should now also be possible to calculate the mass
fractions TU, and m,, lost, respectively, through evaporation and
degradation. A reasonable approximation can be obtained in
terms of the two half-lives: the ratio between T and the
time 8
 s required for half the mass to be lost solely through
evaporation. eQ 5 can be calculated as:
60 5 = e (1 - 0.5"3) (8)
The fractions md and m, can then be expressed as follows:
»• - "• *
 80.5/(e0.5 + T0.5> <9>
B. = % * TQ_5/(e0i5 + T0_5) (10)
where m^ is most relevant for our case. This approach rests on
the assumption that there are no other loss mechanisms for the
quantity of compound deposited on the crop, so that this is in
fact a maximum estimate. The calculated m^ can now be taken as
the point of departure for determining mean annual concentra-
tion and deposition values, i.e. be used as an emission input
variable.
2. Calculations
The model has been used to calculate initial evaporative flux
and annual evaporative losses for atrazine, MCPA and captan.
The model is unsuitable for metam sodium, as this compound
does not evaporate from the crop. In this latter case, we have
assumed that 50% of the applied dose evaporates.
2.1 Atrazine
Basic compound data
molecular weight' 215.7
vapour pressure' 40 * 10^  Pa
dose2 0.75 kg/ha active ingredient, single
treatment
% of dose on crop3 25%
half-life4 50 days
Worthing & Walker, 1987.
Rijn, 1989.
Own assumption.
* Microfiches; International Register of Potentially Toxic c h e m i -
cals.
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Calculation of initial evaporative flux
The first step in calculating D is:
D = 8.8 * IQ'' * (RT/MJ^ W.S-1
with R = 8300, T = 293 and M - 215.7. This then gives:
D = 4.4 * 10-* m2, s'1.
We then calculate F:
F = DP./RT1
with PV = 40.10'* Pa and 1 = 0.03 mm, giving:
F = 2 .43 * 10'12 Imol.BT'.a1.
Finally, -dm/dt is given by:
- dffl . 3 % F in kmol.m^.s'1
dt 2 RO C0
with % = 0.25 * 0.75 = 0.188 kg/ha = 0.087 * 10"4 kmol/m2; R., =
0.2 mm; c0 = 1 kg in 500 1 water - 2 kg/m3 = 9.3 * 10J kmol/m5.
This gives:
-dm/dt = 0.17 * 1012 krool.m^ .s1 = 0.37 * lO"6 kg/ha.s.
Calculation of annual evaporative loss
First the characteristic evaporation time 9 is calculated:
9 = [2 c„ (X;)"3 EO] / F
where c0 and F have been calculated above, x{ = 1 and RQ = 0.2
mm, giving:
9 = 1.53 * 10* s = 425 hours = 18 days.
This result can be used to calculate the evaporative half-
life:
9Q = 9 (1 - 0.51'3) =3.6 days.
Finally) the mass evaporating, me, can now be calculated using
Formula 10:
n. = Wo * T0 5/(60 5 + T0 } = 0.25 * 50/53.6 = O.Ï33
kg/ha.year.
This quantity m^ for atrazine now serves as a grade-level
emission input variable for the OPS model. Converting to
g/ha.second, this gives an annual mean of 7.39 * 10"* g/ha.s.
2.2 MCPA
Basic compound data
molecular weight1 244.7 (as salt)
vapour pressure1 3 * 10"* Pa (as salt)
dose2 1 kg/ha active ingredient, 1.2 kg as
salt, single treatment
% of dose on crop5 50%
half-life4 15 days
Worthing & Walker 1987.
Rijn, 1989.
Own assumption.
Microfiches; Intern. Register of Potent. Toxic Chemicals.
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Calculation of initial evaporative flux
The first step in calculating D is:
D = 8.8 * 10' * (RT/MJ^ m'.s-1
with R = 8300, T = 293 and M = 244.7. This then gives:
D = 4.07 * 10* m2.s-'.
We then calculate F:
F = DP./RT1
with Pv = 3 * 10"6 Pa and 1 » 0.03 mm, giving:
F = 0.167 * IQ-11 kmol.m^.s1.
Finally, -dm/dt is given by:
- dm
 = 3 nu F in kmol.m~2.s"'
dt 2 R„ c0
with mo = 0.5 * 1.2 = 0.6 kg/ha = 0.249 * lO"6 Jcmol/m2; ED = 0.2
mm; C0 = 1.2 kg in 500 1 water = 2.4 kg/m3 = 9.97 * 10'3 kmol/m3.
This gives:
-dm/dt = 31.3 * 10'15 Jcmol.m^.s1 = 76.7 * 10"' kg/ha.s.
Calculation of annual evaporative loss
First the characteristic evaporation time 8 is calculated:
9 = [2 C0 (x.)"3 ROJ / F
where C0 and F have been calculated above, Xj = 1 and RO = 0.2
ram, giving:
e = 23.9 * 10' s = 6633 hours = 276 days = 9 months.
This result can be used to calculate the evaporative half-
life:
e
 5 = e (l - 0.5"3) = 57 days.
Finally; the mass evaporating, m,, can now be calculated using
Formula 10:
m, = m, * T
 5/<90 + T ) = 0.6 * 15/72 = 0.125
kg/ha.year, or, expressed in'terms of the active ingredi-
ent MCPA: 0.104 kg/ha.year.
This quantity ir^  for MCPA now serves as a grade-level emission
input variable for the OPS model. Converting to g/ha.second,
this gives an annual mean of 3.30 * 10"* g/ha.s.
2.3 Captan
Basic compound data
molecular weight' 300.6
vapour pressure' 10'3 Pa
dose2 2.25 kg/ha active ingredient, in ten
treatments (0.225 kg per treatment)
% of dose on crop3 50%
half-life* 3 days
Worthing & Walker 1987.
Rijn 1989.
Own assumption.
Kicrofichea; International Register of Potentially Toxic c h e m i -
cals.
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Calculation of initial evaporative flux
The first step in calculating D is:
D = 8.8 * 10'* * (RT/Ml^ 'V.s-1
with R = 8300, T = 293 and M = 300.6. This then gives:
D = 3.5 * 10"8 m2.s->.
We then calculate F:
F = DPV/RT1
with P, = 10~3 Pa and 1 = 0.03 mm, giving:
F = 47.9 * IQ-'
in kmol.m'2.s''
Finally, -dra/dt is given by:
dt
3 m,, F
2 RO c0
with m,, = O.S * 0.225 = 0.1125 kg/ha = 0.0374 * 10"4 kmol/m2; R,
1 water = 0.45 kg/m3 = 1.5 * 10's0.2 mm; c0 = 0.225 kg in 500 
kmol/m*. This gives:
-dm/dt = 8.97 * 10'12 kmol.m^.s' = 26 .9 * kg/ha. s.
Calculation of annual evaporative loss
First the characteristic evaporation time 9 is calculated:
e = [2 C0 (Xi)"3 R,] / F
where ca and F have been calculated above, x< = 1 and R„ = 0.2
ram, giving:
e = 12.5 * lo3 s = 3.5 hours.
This result can be used to calculate the evaporative half-
life:
8 = e (l - 0.5"3) =0.7 hours = 0.03 days.
Finally) the mass evaporating, m^, can now be calculated using
Formula 10:
m, = % * T /(6 g + T ) = 1.125 * 3/3.03 = 1.11
kg/ha. year.
(In this case, m,, is the total dose of 2.25 a.i. summed over
one year rather than the single dose of 0.225 kg.) This m^ for
captan now serves as a grade-level emission input variable for
the OPS model. Converting to g/ha. second, this gives an annual
mean of 35. 2 * ID* g/ha. a.
2.4 Hetam sodium
For metam sodium, the annual evaporative loss is estimated at
50% of the total dose: 85 kg/ha (expressed as aethylisothio-
cyanate, MITC) . The emission is thus 42.5 kg/ha. year, convert-
ing to 1.35 * 10J g/ha.s.
3. Calculated emissions for regional examples
In calculating emissions, we have assumed:
crop acreages as given by CBS
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doses, frequency and probability of usage as given by
Berends (1989)
evaporative losses as indicated in Table 5.2.
When emissions are from more than one municipality, we
have assumed a 5x5 km source area in each municipality. For
one single, large-scale source area (Haarlemmermeer) , we have
based calculations on a larger area, spreading the relevant
plots uniformly over the entire area.
3.1 Atrazine
The table below gives the source data for the 10 municipal-
ities surrounding the nature reserve De Groote Peel, used as
input for the dispersal model.
MUNICIPALITY
Asten
Someren
Deurne
Mierlo
Hezé
Maarheze
Nederweert
Weert
Helden
Meijel
AREA '
(ha)
1705
1780
2907
370
305
1011
1479
958
1122
467
DOSE
(kg a.i.)
/ha.y2 /y3
0.1 170.5
0.1 178.
0.1 290.7
0.1 37.0
0.1 30.5
0.1 101.1
0.1 147.9
0.1 95.8
0.1 112.2
0.1 46.7
EMISSIOK 4
kg/ y g/s
39.2 1.2*10J
40.9 1.3*1Q-3
66.9 2.1*10J
8.5 0.3*10'3
7.0 0.2*10J
23.0 0.7*10°
34.0 1.1*10'3
22.0 0.7*10'3
25.8 0,8*10'3
10.7 0.3*10J
COORD'S s
km from
Gr . Peel
( 2, 9)
(- 6, 7)
( 7, 18)
(-13, 15)
(-17, 10)
(-12,- 2)
( 5,- 5)
(- 5, -15)
( 20, 2)
( 12, 1)
1
 Maize acreage in municipality (from CBS, 1990).
2
 Dose/ha * frequency * % probability of use (from Berends, 1989): 1 * 1
0.1 kg/ha.y.
3
 Area * doae/ha.year = total consumption within the municipality.
* Dose/year * % evaporation (from Table 5.2 in main body of report).
s
 Coordinates of De Groote Peel: (0,0).
3.2 MCPA
Haarlemmermeer Polder has been taken as the source area for
MCPA. The relevant crops are winter wheat, spring wheat,
winter barley, spring barley and oats. These are assumed to be
spread uniformly throughout the source area, which has been
taken as 10 x 10 km. Its central coordinates are (0,0). The
relevant receptor area, the dunes, are located from (-10,0) to
(-15,0), expressed in km. The specifications are given in the
following table.
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CROP
w . wheat
s . wheat
w. barley
s. barley
oats
TOTAL
AREA l
(ha)
3482
67
13
280
40
3883
DOSE
/ha. y
0.2
0.2
0.2
0.2
0.2
0.2
<kç, a. i.)1
 /y '
696
13
2.6
56
8
763
EMISSION *
kg/y g/s
132.2 4.2*10'J
2.5 7.9*10'3
0.5 1.6*10'3
10.6 3.4*10J
1.5 4.8*10°
144.8 4.6*10J
1
 Cultivated land in the entire area (from CBS, 1990).
!
 Dose/ha * frequency * » probability of use (from Berends, 1989): 1 * 1 *
0.2 kg/ha.y.
3
 Area * dose/ha.year - total consumption for given crop in this area.
J
 Dose/year * % evaporation (from Table 5.2 in main body of report) = total
quantity evaporating from this crop in this area.
3.3 captan
The De Betuwe fruit-growing district has been selected as the
source area for captan, summing over apple, pear and cherry
cultivation. Because this is a large area, a larger grid has
been used: 5 km per grid cell instead of 2 km. Dodewaard
municipality has been taken as the centre of the area. The
receptor area De Veluwe is bounded by the coordinates (0,15),
(0,40), (30,15) and (30,40). The specifications are given in
the last table.
MUNICI
PALITY
Resteren
Lienden
Maurik
Buren
G'malsen
Meerijnen
E + WMiW*
Dodewaard
He + Va7
Eist
AREA '
(ha)
113
528
322
454
1045
621
684
116
400
158
DOSE (kg a.i.)
/ha. y 2 /y '
3.6 408
3.6 1903
3.6 1159
3.6 1633
3.6 3761
3.6 2235
3.6 2464
3.6 416
3.6 1442
3.6 569
EMISSION 4
kg/ y g/ s
1837 58*10's
8561 271*10J
5216 165*10J
7348 233*1Q-5
16923 537*10'5
10059 319*10J
11088 351*10J
1873 59*1Q-5
6489 206*10-s
2561 81*10J
COORD'S *
km from
Dodewaard
(- 3, 3)
(-11, 6)
(-18, 7)
(-24, 4)
(-24, -5)
(-19, -2)
(-12, -2)
( 0, 0)
( 7, 2)
( 14, D
1
 Fruit-growing acreage in municipality (from CBS, 1990).
2
 dose/ha * frequency * % probability of use (from Berends, 1989): 1.2*6
* 0.5 = 3.6 kg/ha.y.
3
 area * dose/ha.year = total consumption within these municipalities.
* dose/year * % evaporation (from Table 5.2 in main body of report) « total
quantity evaporating in this municipality.
5
 coordinates of Dodewaard: (0,0).
6
 Echteld and West Haas en Waal together.
7
 Heteren and Valburg together.
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3.4 Meta« sodium
The source area taken for metam sodium is the arable region of
East Drenthe and East Groningen: the so-called Veenkoloniën. A
major proportion of the Netherlands' industrial potatoes are
grown in this district and metam sodium use is high. According
to Buurveld et al. (1988), the soil is disinfected every two
years here, using dichloropropene and metam sodium alternate-
ly. This would mean that metam sodium is used once every four
years. No specific receptor area has been defined. The disper-
sal of metaa sodium (or, rather, its degradation product MITC)
has been calculated round the source area; the centre of the
source area therefore has the coordinates (0,0). The input
data for the various source municipalities are specified in
the following table.
MUNICIPALITY
B ' wedde
V 'wedde
Stadskanaal
P + V*
0,M,H-S7
Slochteren
A , G , G'
Borger
Odoorn
Emmen
AREA '
(ha)
3643
7396
5274
5715
3927
3552
2687
2260
2501
1918
DOSE (kg a. i.)
/ha. y * /y 3
21.25 77414
21.25 157165
21.25 112073
21.25 121444
21.25 83449
21.25 75480
21.25 57099
21.25 48025
21.25 53146
21.25 40758
EMISSION 4
Jtg/y g/s
38707 1.23
78583 2.49
56036 1.78
60722 1.92
41724 1.32
37740 1.20
28549 0.91
24013 0.76
26573 0.84
20379 0.65
COORD'S 5
km from
centre
( 12, 12)
( 5, 0)
( 13,- 2)
( 0, 9)
(-10, 17)
(-10, 26)
(-11, 2)
(- 6,- 6)
(- 2, -12)
( 2, -25)
1
 Potato and sugarbeet acreage in municipality (from CBS, 1990).
:
 dose/ha * frequency * % probability of use (from Berends, 1989): 85 * l *
0.25 kg/ha.y; all values as MITC,
3
 area * dose/ha.year = total consumption within the municipality,
4
 dose/year * t evaporation {from Table 5.2 in main body of report) = total
quantity evaporating from this municipality.
s
 coordinates of centre: (0,0) (approx. ** Stadskanaal).
6
 Oude Pekela, Nieuwe Pekela and Veendam together.
7
 Oosterbeek, Muntendam and Hoogezand-Sappemeer together.
8
 Anloo, Gieten and Gasselte together.
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APPENDIX 5.2 TNO peak calculations: assumptions and results
1. Atraziae, MCPA and captan
For these three compounds, TNO performed basic dispersal and
concentration calculations for a distance of up to 2 km from the
plot perimeter, based on a given standard emission level. Actual
concentration data for the three compounds were then computed by
multiplying the obtained levels by the respective emissions. De-
position was calculated by multiplying the concentration by the
deposition velocity, estimated by TNO at 0.45 cm/s for all three
compounds on the basis of their physical properties. Assumptions
relating to climatological conditions are reported in Section 3
of this Appendix. It is stressed by TNO fpers. comm. Huygen) that
nearer the plot, deposition due to volatilization is insignifi-
cant compared with that resulting from spray drift.
2. Me tam sodium
For metam sodium, specific calculations were performed; the
results are reported in Section 3.2. Calculations were run for
two sets of weather conditions: 'unfavourable' and 'average'. The
concentration and deposition under 'unfavourable' conditions were
about a factor 3 higher than under 'average' conditions. Calcula-
tions were also performed for the first, third, fifth and seventh
day after the starting point of emission. Finally, results were
expressed as hourly and daily averages. Here, too, deposition was
calculated by multiplying the obtained concentration values by
the deposition velocity of 0.45 cm/s, also valid for MITC.
3. Data provided by TNO
3.1 Atraz ine, MCPA and captan
AREA SOURCES
AREA
SOURCE
STRENGTH
(G/SEC-M**2)
0.001
AREA
SOURCE
HEIGHT
(meters)
1.5
COORDINATES
SW-CORNER
EAST NORTH
(KM) (KM)
-0.100 -0.050
AREA SIZE
EAST-WEST
(KM)
0.100
NORTH-SOUTH
(KM)
0.100
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* * * CONCENTRATIONS AT RECEPTORS * * *
Dist.
from
emiss.
point
(km)
.001
.002
.003
.004
.005
.006
.007
.008
.009
.010
.015
.020
.025
.040
.050
.060
.080
.100
.120
.140
.160
.180
.200
.220
.240
.260
.280
.300
.320
.340
.360
.380
.400
.420
.440
.460
.480
.500
.520
.540
.560
.580
.600
.700
.800
.900
1.000
Cone.
(gr/ffl3)
6.621E-03
6.659E-03
6.638E-03
6.585E-03
6.512E-03
6.427E-03
6.335E-03
6.241E-03
6.147E-03
6.053E-03
5.615E-03
5.236E-03
4.910E-03
4.150E-03
3.761E-03
3.431E-03
2.891E-03
2.462E-03
2.116E-03
1.835E-03
1.605E-03
1.415E-03
1.257E-03
1.124E-03
1.012E-03
9.159E-04
8.334E-04
7.619E-04
6.996E-04
6.448E-04
5.966E-04
5.539E-04
5.158E-04
4.817E-04
4.510E-04
4.224E-04
3.973E-04
3.745E-04
3.538E-04
3.348E-04
3.175E-04
3.014E-04
2.866E-04
2.274E-04
1.858E-04
1.549E-04
O.OOOE-00
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3.2 Metam sodium
Explanation of the calculations. Data given:
DTW (emission) = 14 days -> k^  = In 2/14 = 4.95 10J (I/day)
DTW (degradation) = 140 days - k^  = In 2/140 = 4.95 10"' (I/day)
Therefore:
k,, = JcOT + kj^  = 5.45 10'2 (I/day) - DT*, (total) = In 2/k„ = 12.72
The variation in emission with time is expressed by:
Em(t) = Em(0) * ef-t/DTsoftotal) ) where the initial emission-
strength
Em(0) = km * dose = 4.95 10'2 * 85 = 4.21 kg/ha.day
Therefore Em(t) = 4.21 * e(-t/12.72)
This formula can be used to calculate the emission for the first
seven days after the removal of the foil:
Em(0) = 0.421 g/m2.day
Em(l) = 0.389 g/mî.day
Em(2) = 0.360 g/m2.day
Em(3) = 0.332 g/m2.day
Em(4) = 0.307 g/m2.day
Em(5) = 0.284 g/m2.day
Em(6) = 0.263 g/m2.day
In calculating the dispersal, it has been assumed that the
emission remains unchanged during 24 hours (no variation per
hour) . Thus, Em(0) is used for the first day, Em(l) for the sec-
ond , etc.
Two days with different weather conditions have been used as
input for the dispersal calculations: one day with unfavourable
conditions (high concentrations expected) and one day with aver-
age conditions. Unlike the emission level, the weather conditions
vary per hour.
Further assumptions:
- wind velocity (given for 10 m height) does not vary between
surface level and 10 m height;
- deposition of MITC is negligable for the distance considered;
- roughness length of the area is 0.1 m (fallow land);
- the plot (100 x 100 m) position is exactly north-south, imply-
ing that, for the weather conditions assumed, the wind blows
virtually diagonally over the plot, thus giving the highest con-
centrations .
Presented are the concentration values of the receptor points (l
m height and a given distance to the plot margin) with the
highest concentrations.
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Calculated are both dayly and hourly averages. The daily averages
are the average value of 24 hourly averages.
The presented hourly averages are those of the most unfavourable
hour (highest concentrations) within the 24 hours for which the
weather conditions are known.
For both days {favourable and average weather conditions) the
15th hour was the most unfavourable (05.00 hour).
unfavourable weather conditions
Time
hour
15
16
17
18
19
20
21
22
23
24
1
2
3
4
5
6
7
8
9
10
11
12
13
14
Winddir.
gr.
85
88
88
85
80
75
70
70
65
60
60
50
50
50
40
50
50
50
50
40
40
40
50
40
Windvel
m/s
3
4
4
4
4
3.5
3
1.5
1.5
1.5
2
2
1.5
1
1
1
1
1.5
2
1
2
2
3.5
3
Stab.
3
2
2
3
2
2
2
6
6
5
4
5
4
6
6
4
4
4
4
4
2
3
4
4
Temp.
K
288
288
288
288
288
288
288
288
288
288
288
288
288
288
288
288
288
288
288
288
288
288
288
288
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Hourly concentrations, unfavourable weather conditions
distance
km.
> 0.
0.001
01
02
03
04
05
06
07
08
09
1
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
2
cone.
jjg/m3
421 g/m2.d
1st day
2.104E+02
1.201E+02
7.846E+01
5.612E+01
4.235E+01
3.328E+01
2.690E+01
2.224E+01
1.874E+01
1.604E+01
1.391E+01
1.220E+01
1.080E+01
9.645E+00
8.677E+00
7.856E+00
7.157E+00
6.551E+00
6.020E+00
5.561E+00
5.153E+00
cone.
fig/m3
0.360 g/m2.d
3rd day
1.779E+02
1.027E+02
6.710E+01
4.799E+01
3.622E+01
2.846E+01
2.300E+01
1.902E+01
1.602E+01
1.372E+01
1.189E+01
1.043E+01
9.238E+00
8.248E+00
7.420E+00
6.718E+00
6.120E+00
5.602E+00
S. 148E+00
4.7S6E+00
4.406E+00
cone.
jug/m3
0.307 g/m2.d
5th day
1.534E+02
8.756E+01
5.722E+01
4.092E+01
3.088E+01
2.427E+01
1.961E+01
1.622E+01
1.366E-S-01
1.170E+01
1.014E+01
8.897E+00
7.878E+00
7.033E+00
6.327E+00
5.729E+00
5.219E+00
4.777E+00
4.390E+00
4.055E+00
3.758E+00
cone.
Hg/m3
0.263 g/m2.d
7th day
1. 314E+02
7.501E+01
4.902E+01
3.506E+01
2.642E-I-01
2.079E+01
1.680E+01
1.389E+01
1.171E+01
1.002E+01
8.690E+00
7.622E+00
6.749E+00
6.025E-fOO
5.420E+00
4.908E+00
4.471E+00
4.092E+00
3.761E+00
3.474E+00
3.219E+00
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Daily averages, unfavourable weather conditions
distance
km.
>
0.001
0.1
0.2
0. 3
0.4
0.5
0.6
0.7
0.8
0.9
1
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
2
cone.
/ig/m3
0.421 g/m2.d
1st day
7.443E+01
2.373E+01
1.184E+01
7.338E+00
5.048E+00
3.706E+00
2.851E+00
2.272E+00
1.860E+00
1.559E+00
1.329E+00
1.149E+00
1.005E+00
8.883E-01
7.915E-01
7.111E-01
6.424E-01
5.843E-01
5.342E-01
4.905E-01
4.522E-01
cone.
Mg/m3
0.360 g/ra2.d
3 rd day
6.365E+01
2.029E+01
1.013E+01
6.275E+00
4.316E+00
3.169E+00
2.438E+00
1.943E+00
1.590E+00
1.333E+00
1.136E+00
9.824E-01
8.597E-01
7.596E-01
6.768E-01
6.080E-01
5.494E-01
4.997E-01
4.568E-01
4.194E-01
3.866E-01
cone .
jtg/m3
0.307 g/m2.d
5th day
5.428E+01
1.730E+01
8.636E+00
5.351E+00
3.681E+00
2.702E+00
2.079E+00
1.657E+00
1.356E+00
1.137E+QO
9.689E-01
8.378E-01
7.331E-01
6.478E-01
5.772E-01
5.185E-01
4.685E-01
4.261E-01
3.896E-01
3.577E-01
3.297E-01
cone.
(jg/m3
0.263 g/m2.d
7th day
4.650E+01
1.482E+01
7.398E+00
4.584E+00
3.153E+00
2.315E+00
1.781E+00
1.419E+00
1.162E+00
9.736E+01
8.300E-01
7.177E-01
6.280E-01
5.549E-01
4.944E-01
4.442E-01
4.013E-01
3.650E-01
3.337E-01
3.064E-01
2.825E-01
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APPENDIX S.3 Assumptions used in calculating mean annual
atmospheric concentration and deposition
with the OPS model
To perform calculations with the OPS model, a number of compound-
specific input variables are required. These are particularly
important for determining the dry and wet deposition velocities.
Not all data are known- The assumptions made in calculating dis-
persal may therefore lead to incorrect results.
1. Dry deposition
Surface resistance is the major factor determining dry deposition
velocity. For aerosols and particulate matter, this parameter is
zero. Its value is also low for a number of gases, viz. gases
with a high deposition velocity. For certain compounds, such as
aromatics of the benzene group, surface resistance is high. This
is also true of phenols. These compounds may remain airborne for
a long time, with only a limited degree of deposition occurring.
For pesticides, surface resistance is high. On the basis of their
physical properties, TNO estimates the dry deposition velocity
to be 0.45 cm/s (0.0045 m/s) for all the four compounds under
review. This value represents a rough approximation not yet vali-
dated by measurement (pers. comm. Huygen).
2. Wet deposition
The wet deposition velocity of a compound is determined by its
atmospheric concentration on the one hand, and by its solubility
in water on the other. The OPS model requires as an input vari-
able the ratio between concentration in the atmosphere and in
rainwater. In general, this ratio is determined by Henry's con-
stant: vapour pressure divided by water solubility, expressed in
the formula :
H P/S, in Pa.m3.mol'1 (i)
where p =* vapour pressure in Pa and S = water solubility in
mol/m3.
Henry's constant can be converted to a water/air concentra-
tion ratio as follows:
C„/C. = RT/H = RTS/P (dimensionless) (2)
where R = gas constant in J.mor'.K"1, T = temperature in K and H
= Henry's constant as in Formula (1).
With S expressed in g/m3, the formula becomes:
C„/C, = RTS/PH
with M = molecular weight in g/mol.
(3)
L
This concentration ratio is also sometimes referred to as
Henry's constant. In any case, this value can be used directly
to express the ratio between the rainwater and atmospheric con-
centrations. This ratio can now be calculated for the four com-
pounds under review.
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Atrazine
R = B.3 J.nol'1.IT'
T = 293 K
S = 30 g.m3 '
P = 40 * 10* Pa '
K = 215.7 g.mol1 '
' Source: Worthing & Walker, 1987.
C./C. = RTS/PM = 8.47 * 10*
MCPA
R = 8.3 J.mol4.K'
T = 293 K
S = 825 g.m-s "
P = 3 * IQ-8 Pa " (as salt)
M = 244.7 g.mol4 " (as salt)
* Source: Worthing & Walker, 1987.
CW/C, = RTS/PM = 2.73 * 10'
Captan
R = 8.3 J.mol1.K'
T = 293 K
S = 3.3 g.m'3 '
P = l * 10J Pa '
M = 300.6 g.nol-1 *
' Source: Worthing Sc Walker, 1987.
CW/C. = RTS/PM = 26.7 * 10'
Hetan sodium
R = 8.3 J.mol4.K"1
T = 293 K
S = 7600 g.m5 *
P = 2700 Pa '
M = 73.11 g.ffiol4 '
' Source: Worthing & Walker, 1987.
C„/C. = RTS/PM = 93.6
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APPENDIX 5.4 OPS model input variables
This appendix specifies all the input variables required by the OPS
model (Operational Atmospheric Transport Model for Priority Pollu-
tants) .
l. Plot-level calculations
l.l Atrazine
input parameters:
j
0
name of input
atrazine
0
atrazine
215.7
1
1
' .237E-04
.000
.0
100
.0
0
1
1
0000000 0000000
0
1
atrazine.src
o
0000000
11 11
100
0
1
.000
.004500
2
8470000
.0580
4
1
atrazine.pit
1
0000000
.0000
(fiie=)
*user conditions accepted
*save input parameters
parameter file
proj eet name
*modelling compound code (0=user spec. I=so2
2=)
modelling compound name
molecular weight
*gaseous=l particulate=0
»source data (0=from file)
source strength (g/s)
heat content (mW)
source height (m)
*source diameter (m)
vert, spread of emission (m)
emiss. time char. (0=continuous; l=average
industry; 2=heating; 3=traffic 4,5,6=other)?
source category code
country or area identification code
x- and y-coordinates (m)
*input multiple sources ?
*save source data in file ?
source file name ?
*grid plot (=0) or spec, (monit. grid) points
(=1) ?
»Netherlands grid (=0) or special grid {=!)?
*x- en y-coordinates of grid centre (m) ?
no. of grid elements in x- and y-direction
grid scale (m) ?
climatology area (0-7)
climatology period (0-2)
roughness length in m (0=same as receptor
area)
»account for deposition and conversion ?
»specif, of dry deposition (l=dep.vel.
2=surf.res.)
dry deposition velocity in m/s
»specif, of wet deposition (l=mean scav.coef f.
2=scav.ratio 3=other)
scavenging ratio
conversion rate of a and b
select deposition units
»save modelling output in file ?
file name for cone, and depos. fields ?
»special printer file ?
100
atrazine.Ipt
l
name of printer file ?
print deposition grids ?
NB: Parameters marked * may not be changed by users !
1.2 MCPA
input parameters: (file=)
j
o
n
mcpa
O
mcpa
244.7
l
l
.320E-05
.000
.0
100
.0
o
2
2
0000000 0000000
o
l
mcpa.src
O
»user conditions accepted
»save input parameters
of input parameter file
project name
»modelling compound code (0=user spec. I=so2
2=)
modelling compound name
molecular weight
*gaseous=l particulate=0
»source data (0=from file)
source strength (g/s)
heat content (mW)
source height (m)
»source diameter (m)
vert, spread of emission (m)
emiss. time char. (0=continuous; l=average
industry; 2=heating; 3=traffic 4,5,6=other)7
source category code
country or area identification code
x- and y-coordinates (m)
»input multiple sources ?
»save source data in file ?
source file name ?
»grid plot (=0) or spec, (monit. grid) points
1 »Netherlands grid (=0) or special grid {=!)?
0000000 0000000 *x- en y-coordinates of grid centre (m) ?
11 11 no. of grid elements in x- and y-direction
100 grid scale (m) ?
0 climatology area (0-7)
0 climatology period (0-2)
.000 roughness length in m (0=same as receptor
area)
1 »account for deposition and conversion ?
1 »specif, of dry deposition (l=dep.vel.
2=surf.res.)
.004500 dry deposition velocity in m/s
2 »specif, of wet deposition (l=mean scav.coef f.
2=scav.ratio 3=other)
9999999 scavenging ratio
.1900 .0000 conversion rate of a and b
4 select deposition units
1 »save modelling output in file ?
mcpa.pit file name for cone, and depos. fields ?
1 »special printer file ?
mcpa.lpt name of printer file ?
1 print deposition grids ?
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1.3 Captan
input parameters:
j
O
name of input
captan
O
captan
300.6
l
l
.349E-04
.000
.0
100
.0
O
3
3
ooooooo ooooooo
o
l
captan.src
O
OOOOOOO
11 11
100
O
l
.000
l
l
.004500
2
26700
.9600
4
l
captan.pit
l
captan.Ipt
l
OOOOOOO
.0000
(file=)
*user conditions accepted
*save input parameters
parameter file
project name
»modelling compound code (0=user spec. I=so2
2=)
modelling compound name
molecular weight
*gaseous=l particulate=0
«source data (0=from file)
source strength (g/s)
heat content (mW)
source height (m)
«source diameter (m)
vert, spread of emission (m)
emiss. time char, (0=continuous; l=average
industry; 2=heating; 3=traffic 4 ,5, 6=other)?
source category code
country or area identification code
x- and y-coordinates (m)
*input multiple sources ?
*save source data in file ?
source file name ?
*grid plot (=0) or spec, (monit, grid) points
{=!) ?
»Netherlands grid (=0) or special grid (=1)?
*x- en y-coordinates of grid centre (m) ?
no. of grid elements in x- and y-direction
grid scale (m) ?
climatology area (0-7)
climatology period (0-2)
roughness length in m (0=same as receptor
area)
»account for deposition and conversion ?
»specif. of dry deposition (l=dep.vel.
2=surf.res.)
dry deposition velocity in m/s
»specif, of wet deposition (l=mean scav.coef f.
2=scav.ratio 3=other)
scavenging ratio
conversion rate of a and b
select deposition units
»save modelling output in file ?
file name for cone, and depos. fields ?
»special printer file ?
name of printer file ?
print deposition grids ?
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1.4 Ketan sodium
input parameters: (file=)
j »user conditions accepted
0 *save input parameters
name of input parameter file
HIT project name
O »modelling compound code (0=user spec. I=so2
2=)
MIT modelling compound name
73.1 molecular weight
1 *gaseous=l particulate=0
1 »source data (0=from file)
.130E-02 source strength (g/s)
.000 heat content (mW)
. 0 source height (m)
100 »source diameter (m)
.0 vert, spread of emission (m)
0 emiss. time char. (0=continuous; l=average
industry; 2=heating; 3=traffic; 4,5,6=other)?
4 source category code
4 country or area identification code
0000000 0000000 x- and y-coordinates (m)
0 »input multiple sources ?
1 »save source data in file ?
mit.src source file name ?
0 special selection from source file ?
0 »grid plot (=0) or spec, (monit. grid) points
(=1) ?
1 »Netherlands grid (=0) or special grid (=1)?
0000000 0000000 *x- en y-coordinates of grid centre (m) ?
11 11 no. of grid elements in x- and y-direction
100 grid scale (m) ?
0 climatology area (0-7)
2 climatology period (0 - 2)
.000 roughness length in n (0=sarae as receptor
area)
1 «account for deposition and conversion ?
1 »specif. of dry deposition (l=dep.vel.
2=surf.res.)
.004500 dry deposition velocity in m/s
2 »specif, of wet deposition (l=mean scav.coeff.
2=scav.ratio 3= other)
94 scavenging ratio
.4900 .0000 conversion rate of a and b
4 select deposition units
1 «save modelling output in file ?
MIT.pit file name for cone, and depos. fields ?
1 »special printer file ?
MIT.lpt name of printer file ?
1 print deposition grids ?
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2. Regional-level calculations
2.1 De Groots Peel
Project: peel compound: atrazine
source data:
snr.
x, y
q
h
d
s
tb
emission source number
distance from point 0;0
source strength
warmth coefficient (0=no wanning by emissions)
diameter emission source
vertical spreading emission (0=no spreading)
emission variation per time (0=continuous)
y(m) q (g/s) h(mw) h(m) d(m) ! (m) tb compound
1
2
3
4
5
6
7
8
9
10
2000
-6000
7000
-13000
-17000
-12000
5000
-5000
20000
1200C
9000
7000
18000
15000
10000
-2000
-5000
-15000
2000
1000
-120E-02
.130E-02
-210E-02
.300E-03
. 200E-03
.700E-03
.110E-02
.700E-03
.800E-03
.300E-03
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
0
0
0
0
0
0
0
0
0
0
atrazine
atrazine
atrazine
atrazine
atrazine
atrazine
atrazine
atrazine
atrazine
atrazine
zO : .18 m
corr.: 1.00
climatology area
climatology period
seasonal temp, corr.: .34 emission trend
5 = Central Brabant, Veluwe, Twente
1 = summer half-year...(1979-1989)
atrazine calculated as gas
mean dry atrazine deposition
kg/ha, y
mean wet atrazine deposition
kg/ha.y
.36E-02 »ig/m2/h = .32E-03
-45E-03 M9/m2/h = .40E-04
eff. chem.conversion
eff. wet dep. rate
eff. dry dep. rate
.06 % per hour
2.39 % per hour
.39 cm/s
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Project: peel compound: atrazine
input parameters :
J
0
name of input
peel
0
I=so2 2=)
atrazine
215.7
1
0
peel.src
0
0
0000000 0000000
21 21
2000
5
1
.000
1
1
.004500
2
8470000
.0580 .0000
4
1
peel.pit
1
peel.lpt
1
(file-)
*user conditions accepted
*save input parameters
parameter file
project name
»modelling compound code (0=user spec.
modelling compound name
molecular weight
*gaseous=l particulate=0
»source data (0=from file)
source file name ?
»special selection from source file ?
*grid plot (=0) or spec, (monit. grid)
points (=1) ?
»Netherlands grid (=0) or special grid
(=1)?
*x- and y-coordinates of grid centre
(m)?
no. of grid elements in x- and y-direction
grid scale (m) ?
climatology area (0-7)
climatology period (0-2)
roughness length in m (0=same as receptor
area)
»account for deposition and conversion ?
»specif, of dry deposition (l=dep.vel.
2=surf.res.)
dry deposition velocity in m/s
»specif, of wet deposition (l=mean
scav.coeff. 2=scav.ratio 3=other)
scavenging ratio
conversion rate of a and b
select deposition units
»save modelling output in file ?
file name for cone, and depos. fields?
»special printer file ?
name of printer file ?
print deposition grids ?
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2.2 Haarlemmermeer Polder
Project: haarlemmermeer compound; MCPA
source data:
snr.
x, y
tb
emission source number
distance from point 0;0
source strength
warmth coefficient (0=no warming by emissions)
diameter emission source
vertical spreading emission (0=no spreading)
emission variation per time (0=continuous)
snr x(m)
1 0
y(ni) q (g/s)
O .460E-02
h(mw) h(m) d(in)
.000 .0 10000
;(m) tb compound
.0 0 MCPA
ZO : .15 m
corr.:1.00
seasonal temp, corr.: .34 emission trend
climatology area : 2
climatology period : 1
MCPA calculated as gas
Randstad, W.Brabant, E.Zeeland
summer half-year...(1979-1989)
mean dry MCPA deposition
mean wet MCPA deposition
-19E-02 Mg/m2/h
.27E-03 /ig/m2/h
eff. chem.conversion
eff. wet dep. rate
eff. dry dep. rate
. 19 % per hour
2.58 % per hour
.42 cm/s
.16E-03 kg/ha.y
-23E-04 kg/ha.y
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Project: Haarlemmermeer compound: MCPA
input parameters:
j
O
name of input
haarlemmermeer
O
MCPA
244.7
l
O
haarlemm.src
haarlpol.src
polder.src
O
O
0000000 0000000
21 21
2000
2
l
.000
l
l
.004500
2
scav.coeff. 2=scav
9999999
.1900 .0000
4
l
haarIpol.pit
l
haarIpol.Ipt
l
(file=)
*user conditions accepted
*save input parameters
parameter file
project name
»modelling compound code {0=user spec. I=so2
2=)
modelling compound name
molecular weight
*gaseous=l particulate=0
«source data (0=from file)
source file name ?
source file name ?
source file name ?
»special selection from source file ?
*grid plot (=0) or spec, (monit. grid) points
(=1) ?
*Netherlands grid (=0) or special grid {=!)?
*x- en y-coordinates of grid centre (m) ?
no. of grid elements in x- and y-direction
grid scale (m) ?
climatology area (0 - 7)
climatology period (0-2)
roughness length in m (0=same as receptor
area)
»account for deposition and conversion ?
*specif. of dry deposition (l=dep.vel.
2=surf.res.)
dry deposition velocity in m/s
»specif, of wet deposition (l=mean
ratio 3=other)
scavenging ratio
conversion rate of a and b
select deposition units
*save modelling output in file ?
file name for cone, and depos. fields ?
»special printer file ?
name of printer file ?
print deposition grids ?
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2.3 Da Betuwe
Project: betuwe compound : captan
source data :
snr.
x, y
<3
h
d
s
tb
emission source number
distance from point 0;0
source strength
warmth coefficient (0=no warming by emissions)
diameter emission source
vertical spreading emission (0=no spreading)
emission variation per time (0=continuous)
y(m) h(mw) h(m) d(m) s(m) tb compound
1
2
3
4
5
6
7
8
9
10
-3000
-11000
-18000
-24000
-24000
-19000
-12000
0
7000
14000
3000
6000
7000
4000
-5000
-2000
-2000
0
2000
1000
.5SOE-01
.271E+00
.165E+00
.233E+00
.537E+00
.319E+00
.351E+00
.590E-01
.206E+00
.810E-01
,000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
0
0
0
0
0
0
0
0
0
0
captan
captan
captan
captan
captan
captan
captan
captan
captan
captan
zO : .18 m
corr.:1.00
climatology area
climatology period
seasonal temp, corr.: .34 emission trend
5 = Central Brabant, Veluwe, Twente
1 = summer half-year...(1979-1989)
captan calculated as gas
mean dry captan deposition: .31E+00 ^g/m2/h = .27E-01 kg/ha.y
mean wet captan deposition: .17E-01 Iig/m2/f\ = .15E-02 kg/ha.y
eff. chem.conversion
eff. wet dep. rate
eff. dry dep. rate
.96 % per hour
.71 % per hour
.40 cm/s
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Project: betuwe compound : captan
input parameters:
J
0
name of input
betuwe
0
captan
300.6
1
0
betuwe.src
0
0
0000000
17 17
5000
5
1
.000
0000000
.004500
2
26700
.9600 .0000
4
1
betuwe.pit
1
betuwe.Ipt
1
(file=)
*user conditions accepted
*save input parameters
parameter file
project name
»modelling compound code (0=user spec.
I=so2 2=)
modelling compound name
molecular weight
*gaseous=l particulate=0
*source data (0=from file)
source file name ?
»special selection from source file ?
»grid plot (=0) or spec, (monit. grid) points
(=1) ?
»Netherlands grid (=0) or special grid (=1)?
*x- en y-coordinates of grid centre (m) ?
no. of grid elements in x- and y-direction
grid scale (m) ?
climatology area (0-7)
climatology period (0 - 2)
roughness length in m (0=same as receptor
area)
»account for deposition and conversion ?
»specif, of dry deposition (l=dep.vel.
2=surf.res.)
dry deposition velocity in m/s
»specif, of wet deposition (l=mean
scav.coeff. 2=scav.ratio 3=other)
scavenging ratio
conversion rate of a and b
select deposition units
»save modelling output in file ?
file name for cone, and depos. fields ?
»special printer file ?
name of printer file ?
print deposition grids ?
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2.4 Veenkoloniën
Project: peat district compound: rait
source data:
snr.
x, y
q
h
d
s
tb
emission source number
distance fro» point 0;0
source strength
warmth coefficient (0=no warming by emissions)
diameter emission source
vertical spreading emission (0=no spreading)
emission variation per time (0=continuous)
snr x(m) y(m) h(mw) h(m) d(m) s(a) tb compound
1
2
3
4
5
6
7
S
9
10
12000
5000
13000
0
-loooo
-10000
-11000
-6000
-2000
2000
12000
0
-2000
9000
17000
26000
2000
-6000
-12000
-25000
.123E+01
.249E+01
-178E+01
.192E+01
-132E+01
.120E+01
.910E+00
.760E+00
.840E+00
.650E+00
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
.0
.0
.0
.0
.0
.0
.0
.0
.0
.0
0
0
0
0
0
0
0
0
0
0
mit
mit
mit
mit
mit
mit
mit
mit
mit
mit
zo
corr . :
.13 m
. 00
seasonal temp. corr.:1.63 emission trend
climatology area : 3
climatology period : 2
unit calculated as gas
mean dry mit deposition: .13E-t-01
mean wet mit deposition: .19E-03 jig/o2/h
Drenthe, S.Friesland, S.Groningen
winter half-year...(1979-1989)
.12E+00 kg/ha.y
.16E-04 kg/ha.y
eff. chem.conversion
eff. wet dep. rate
eff. dry dep. rate
.49 % per hour
.00 % per hour
.47 cm/s
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Project: peat district compound: mit
input parameters: (file=)
j *user conditions accepted
0 *save input parameters
name of input parameter file
peatdistrict project name
0 »modelling compound code (0=user spec. I=so2
2=)
mit modelling compound name
73.1 molecular weight
1 *gaseous=l particulate=0
0 »source data (0=from file)
0 »special selection from source file ?
0 »grid plot (=0) or spec, (monit. grid) points
{=!) ?
1 »Netherlands grid (=0) or special grid (=1)?
0000000 0000000 *x- en y-coordinates of grid centre (m) ?
17 17 no. of grid elements in x- and y-direction
5000 grid scale (m) ?
3 climatology area (0-7)
2 climatology period (0-2)
.000 roughness length in m (0=same as receptor
area)
1 »account for deposition and conversion ?
1 »specif, of dry deposition (l=dep.vel.
2=surf.res.)
.004500 dry deposition velocity in m/s
2 »specif, of wet deposition (l=mean
scav.coeff. 2=scav.ratio 3=other)
94 scavenging ratio
.4900 .0000 conversion rate of a and b
4 select deposition units
1 »save modelling output in file ?
peatdist.plt file name for cone, and depos. fields ?
1 »special printer file ?
peatdist.lpt name of printer file ?
1 print deposition grids ?
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APPENDIX 6 Calculation of day-to-day deposition resulting
from peak emission (one week period)
TNO has calculated the medium-term deposition resulting from
peak emissions of metam sodium. There follow analogous calcu-
lations for the other compounds considered in this study.
Atrazina
It follows from Appendix 5 that:
DTM(emission) = 3.6 days —> Km = ln2/3.6 = 19.25*lCr3 (I/day)
DT^idecomposition) = 50 days —> K^. = In2/50 = 1.39*10'2
(I/day)
Therefore:
K^ = Km + Kfa = 20.64*10-2 (I/day) —> DT50(total) = In2/Kta
=3.36 days.
The variation in emission with time is expressed by:
Eic(t) = Em(0) * e(-t/DTM(total) ) , where the initial emission
strength
Em(0) = K„ * dose = 19.25*10'2 * 0.19 = 3.6*10'2 kg/ha.day.
It has been assumed that 1/4 of the dose remains on the leaf
and is available for volatilization.
Therefore Em(t) = 0.036 * e(-t/3.36) kg/ha.day
This formula can be used to calculate the emission for the
first seven days (see table). Next, the deposition is calcu-
lated by multiplying by factors for the atmospheric concentra-
tion at several distances from the plot and by the deposition
rate (analogously to the calculations of Chapter 5).
Day Emission
kg/ha.d
0.036
0.027
0.019
0.015
0.011
0.008
0.006
Deposition (g/ha.day)
at SO m 100 m 200 m
0.61
0.46
0.32
0.25
0.19
0.13
0.10
0.39
0.29
0.21
0.16
0.12
0.08
0.07
0.20
0.15
0.10
0.08
0.06
0.05
0.03
500 m
0.06
0.05
0.03
0.02
0.02
0.01
0.01
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MCPA
From Appendix 5:
DTjot emission) = 57 days —> K,,,, = ln2/57 = 1.22*10-2 (I/day)
DTsofdecomposition) = 15 days —> K^  = In2/15 = 4.62*10"2
(I/day)
Therefore :
K„ = K„ + Kta = 5.84*10-2 (I/day) —> DT^ total) = l^ /K^ ,
= 11.87 days.
The variation in emission with time is expressed by:
Em(t) = Em(0) * ef-t/DT^total) ) , where the initial emission
strength
Em(0) = Km * dose = 1.22*10'2 * 0.5 = 0.61*10'2 kg/ha.day.
It has been assumed that 1/2 of the dose remains on the leaf
and is available for volatilization.
Therefore Em(t) = 6.1 * e(-t/11.87) g/ha.day
This formula has been used to calculate the emission for the
first seven days post-treatment (see table).
Day
1
2
3
4
5
6
1
Emission
g/ha. d
6.1
5.6
5.15
4.73
4.35
4.00
3.68
Deposition
at 50 m
103
94
87
80
74
68
62
(mg/ha
100 m
67
62
57
52
48
44
41
day)
200 m
34
32
29
27
25
23
21
500 m
10
9
9
8
7
7
6
Captan
The emission half-life of captan is so short (42 minutes) that
calculations have been made for intervals of 10 minutes during
the first 70 minutes post-treatment.
From Appendix 5:
DT50(emission) = 42 min. —> Km = ln2/4.2 = 0.165 (1/10 min.)
DTjofdecomposition) = 4320 min. —> K^ = ln2/432 = 0.0016 (1/10
min.)
Therefore:
KM •= K„ + Kfc = 0.166 (1/10 Bin.) —> DT^ total) = ln2/KM
= 41.6 minutes.
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The variation in emission with time is expressed by:
Era(t) = Em(0) * e(-t/DT50(total) ) , where the initial emission
strength
Em(0) = K» * dose = 0.165 * 1.125 = 180 g/ha.10 min.
It has been assumed that 1/2 of the dose remains on the leaf
and is available for volatilization.
Therefore Em(t) = 180 * e(-t/4.16) g/ha.10 min.
This formula has been used to calculate the emission for the
first seven days post-treatment (see table).
Period Emission Deposition (g/ha.day)
minutes g/ha.10 rain, at 50 ra 100 m 200 m 500 m
0-10
10-20
20-30
30-40
40-50
50-60
60-70
180
141
111
87
69
54
42
3.04
2.38
1.88
1.47
1.17
0.91
0.71
1.99
1.56
1.22
0.96
0.76
0.60
0.46
1.02
0.80
0.63
0.49
0.39
0.30
0.23
0.30
0.24
0.19
0.1S
0.12
0.09
0.07
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APPENDIX 7 Translation to national (Dutch) scale
In this appendix, for each of the compounds under review we
extrapolate the results obtained by combining NOELs with
deposition calculations to assess the potential impact at the
national (Dutch) scale. For each compound, we first consider
the effects in the vicinity of the treated plot, and then
those at a greater distance.
Atrazine
For atrazine, we considered maize cultivation. In 1987,
maize acreage in the Netherlands totalled 197,460 hectares
(Anonymous, 1988), concentrated mainly in the south-east of
the country. Plots are typically about 3 ha (Anonymous, 1988).
For the purposes of calculation, it has been assumed that such
plots measure 100 by 300 metres and that they total 197,460/3
= 65,820 in number. In Chapter 6 it was concluded that the
NOEL is likely to be exceeded up to 200 metres away from the
plot. This means that at each plot the KOEL is potentially
exceeded over an area of 16 ha; for aggregate maize acreage,
therefore, the potentially exposed area is 65,820x16 -
1,053,120 ha. This would imply that the NOEL for atrazine may
be exceeded over one quarter of the total surface area of the
Netherlands. However, this calculation assumes that the maize
plots are distributed evenly over the country. This is obvi-
ously not the case; neither will the NOEL be exceeded in all
directions around a plot. However, in the main maize-growing
regions (the south-east; Berends, 1988), the areas around the
plots will overlap; although the potentially exposed area may
be smaller, then, overall deposition will be greater. In these
regions, therefore, there is a major risk of the NOEL being
exceeded.
In estimating the impact at the national scale, it is
also important to make due allowance for influx from other
countries. TNO has estimated atrazine deposition in the Neth-
erlands resulting from use elsewhere in Europe (Warmenhoven et
al., 1989). These calculations indicate that atrazine deposi-
tion varies between 10 g/ha.year in Limburg (in the south of
the country) and 5 g/ha.year on the Frisian Islands (in the
north-west). According to this estimate, the Netherlands
itself contributes about 1/4 of overall deposition. It should
be noted, though, that (through lack of data) TNO assumes the
same pesticide regime in the surrounding countries as in the
Netherlands. This assumption is unrealistic; in practice,
then, compound deposition will be lower. If the assumed influx
from abroad actually resulted in exposure, this could certain-
ly have an impact at the national scale. The fact that such
long-range dispersal of pesticides is indeed conceivable is
confirmed by the work of Kurtz (1990), who demonstrated that
the more persistent compounds, particularly, can become dis-
persed over extremely long distances.
MCPA
Cereal cultivation is concentrated in several parts of
the Netherlands: Zeeland, Haarlemmermeer Polder, the IJssel-
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meer polders, Wieringermeer and North Groningen. In 1987,
cereal acreage totalled 187,100 ha (Anonymous, 1988). The NOEL
is only exceeded directly up to 50 metres away from the plot.
Calculating, in analogy to the case for atrazine above, the
area over which the NOEL is exceeded for an assumed plot size
of 5 ha (Anonymous, 1988) gives 187,100 ha (approx. 5% of the
Netherlands).
Mean annual calculations indicate that high deposition
rates are primarily to be expected within the cereal-growing
regions themselves, although a certain impact is still con-
ceivable elsewhere. It is within the growing areas themselves,
however, that the NOEL will be exceeded most.
Captan
For captan, any effects are to be anticipated mainly
close to treated plots. In 1987, fruit-growing acreage in the
Netherlands amounted to 22,213 ha (Anonymous, 1988). In fruit-
growing regions, compound usage is certain to have an impact
on leaf moulds outside the target area. Effects on mycorrhiza
fungi will only occur under certain conditions, close to
treated plots. In view of the frequency of application, such
conditions can certainly not be ruled out. Calculating analog-
ously to atrazine, the NOEL may potentially be exceeded over a
total area of 44,426 ha (1% of the Netherlands). Effects are
to be anticipated in the country's main fruit-growing regions:
South Beveland, De Betuwe, South Limburg, West Friesland,
Noord-Oost-Polder and the east of Flevoland.
Hetam sodium
In the Netherlands, large-scale soil fumigation of potato
fields takes place only in the Veenkoloniën and it is only
here that very high MITC deposition rates are to be expected.
These deposition rates are high enough to have an appreciable
impact on mycorrhiza fungi. In 1986, the acreage used for
industrial potatoes totalled approx. 60,000 ha (Anonymous,
1988) . The same source gives an average plot size of approx.
10 ha. Assuming that the NOEL is exceeded up to 100 m away
from the plot, this gives a total potentially exposed area of
84,000 ha (about 2% of the Netherlands). The mean annual
deposition calculations point to effects throughout the Veen-
koloniën, an area obviously greater than 84,000 ha.
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APPENDIX Abbreviations of Dutch institutes
CABO Centre for Agro-Biological Research
CBS Netherlands Central Bureau of Statistics
CML Centre of Environmental Science, Leiden University
CTB Commission for the Registration of Pesticides
DBW-RIZA Cf. RI ZA
IBN Institute for Forestry and Nature Research (formerly
RIN and De Dorschkamp)
ICW Formerly called ICW; now part of Wijnand Staring
Centre Wageningen
IPO Phytopathological Research Institute
IVEM-RUG Centre for Energy and Environmental Studies,
Groningen State University
KNMI Royal Netherlands Meteorological Institute
LUW Wageningen Agricultural University
PD Plant Protection Service
RIN Cf IBN
RIVM National Institute of Public Health and Environmen-
tal Protection
RIZA National Institute of Inland Water Management (for-
merly DBW-RIZA)
SC Staring Centre
TNO Netherlands Organization for Applied Scientific
Research
VROM Ministry of Housing, Physical Planning and Environ-
ment
DGM Directorate-General for Environmental Protection (of
Min. VROM)
VU "Vrije Universiteit" Amsterdam
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